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BIOLOGICAL INDUCTIONS FROM THE EVOLUTION 
OF THE PROBOSCIDEA’ 


By Dr. HENRY FAIRFIELD OSBORN 


MEMBER OF THE NATIONAL ACADEMY OF SCIENCES 


THE extinet and living Proboscideans, including 
mastodonts and elephants of all the continents except 
Australia, of the 50,000,000 year period since Oligo- 
cene time in North Africa, have been intensively 
studied since the year 1907 or for the past quarter 
century for a monograph which will! afford biological 
inductions even more significant than those set forth 
in Chapter X of the author’s Titanothere Monograph 
of 1929.2 Whereas the Titanotheres are geologically 
short-lived and variants of two chief types of adapta- 


1 Read by title before the National Academy of Sci- 
ences, Ann Arbor, Michigan, on November 15, 1932. This 
is the eighth contribution on the Origin of Species, and 
the principles of biomechanical evolution, as demon- 
strated in vertebrate paleontology. 

* “<The Titanotheres of Ancient Wyoming, Dakota and 
Nebraska,’’ Monograph 55, U. S. Geological Survey. 
Washington, 1929, 





tion, the Proboscideans are geologically long-lived, 
55,000,000 to 65,000,000 years, and represent no less 
than fourteen widely distinct types of biomechanical 
adaptation to an environmental range from the equa- 
tor through the north and south tropies to the southern 
and northern continental extremities, guided by a sur- 
passing intelligence, and guarded by tusk-like weapons 
equal or superior to any of those invented by man up 
to the introduction of firearms. 

In brief, Proboseideans rank next to man in bio- 
logical interest and far surpass man in confirmation 
of the principles of biomechanical evolution first set 
forth (December, 1931) in my seventh contribution to 
this series.* These six principles are: biomechanical 

3“*New Concept of Evolution Based upon Researches 


on the Titanotheres and the Proboscideans,’’ Screncz, 
December 4, 1931, Vol. 74, No. 1927, pp. 557-559. 
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evolution is (1) continuous or uniformitarian rather 
than mutational or cataclysmic, (2) germinal or cen- 
trifugal rather than somatic or centripetal, (3) crea- 
tional in the Osborn sense rather than variational in 
the Darwin sense, (4) in geologic time adaptively reac- 
tional rather than adaptively vitalistic or entelechistic, 
(5) syn-energistic and anti-energistic, that is, gather- 
ing energy to resist and overcome energy, (6) prior to 
somatie experience or prot-empirical, rather than after 
somatic experience or met-empirical. 

The six principles above have slowly emerged dur- 
ing forty years of research and are now confirmed 
by the Proboscidea. They act like lethal enzymes on 
the four chief historic hypotheses of the causes of 
biomechanical adaptation put forth in the twenty-five 
centuries since evolution was first conceived by the 
Greeks. These four hypotheses are: (1) Adaptational 
use and disuse inheritance, as formulated by Lamarck. 
Lamarckism is moribund and unconfirmed (Osborn, 
1929) by recent paleontology. (2) As formulated by 
Buffon and St. Hilaire, environmental, physico- 
chemical inheritance, through action on the germ, has 
been confirmed by field zoologists and recently by 
experimentalists as a cause of germinal mutation and 
evolution in color and form. (3) Darwin’s selection 
of favorable germinal variations camouflaged under a 
variety of terms now prevails among the zoologists 
and the leading geneticists (e.g., Haldane, Morgan, 
Huxley) as the only indirect cause of adaptation 
which has been discovered. (4) Entelechy or internal 
perfecting tendency is not an explanation; it is a 
petitio principt. 

Recent authorities (Haldane, Morgan,® Huxley*) 
offer no new hypotheses or explanations, only varia- 
tions of the four old ones, enumerated above. 

The twenty-five century problem of the origin of 
biomechanical adaptations remains unsolved by any 
of these four historic explanations. None of their 
modern substitutes conforms to the actual order or 
modes of evolution, derivable solely from paleontol- 
ogy, while wholly beyond the ken of zoology or ex- 
perimentalism. When I say that there is not a scin- 
tilla of evidence for the adequacy of any of these 
four historic explanations as applied to biomechanical 
evolution, I weigh my words carefully because I 
realize that I must be prepared not only to defend 
this statement but to substitute an entirely new con- 
cept of the complex of evolution phenomena which 
we sum up (Osborn, 1931) in the single word, aristo- 


genesis. 


4J. B. S. Haldane, ‘‘The Causes of Evolution.’’ New 
York and London, 1932. 

5 Thomas Hunt Morgan, ‘* The Scientific Basis of Evo- 
lution.’’ New York, 1932. 

6 Julian S. Huxley, ‘‘Problems of Reis: 
New York, 1932. 


Growth.’’ 
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The evolution of the Proboscidea undermines the 
inductions of the experimentalists and geneticists by 
demonstrating the non-significance of the larger por- 
tion of modern genetic discoveries. Only Bateson, 
founder of modern genetics, had the courage to 
frankly throw up his hands in despair of obtaining 
really significant results as to the origin of species 
The larger number of modern zoologists are commit. 
ting suicide by adopting a modified Darwinian creed, 
to use the elder Huxley’s significant phrase. The 
attempt to trace the temporal origin of biomechanica] 
adaptations, which paleontology demonstrates are 
determinate, orthogenetic, secular germinal-reactiong] 
processes, involving enormous periods of time, shows 
that the mutationists and selectionists are traversing 
a swamp of useless inquiry led by the will-of-the-wisp 
of expectation. 

Offsetting the temporary specifie instability and in- 
constancy of the heredity-germ under physical and 
chemical experiment, paleontology demonstrates that 
the most fundamental principle is germinal stability; 
adaptive biomechanical change or variation of the 
germ-plasm is only secular. Absolutely inevitable and 
germinally predetermined evolution, distinguished as 
aristogenic or always tending toward improvement, 
takes place in widely separated geographic areas, at 
the same or different evolutionary rates. The term 
aristogenesis applies to this germinal-reactional crea- 
tive potentiality. 

Referring to my previous communications for de- 
tails, I now present to the academy two concrete 
examples among many which are now demonstrable 
in the evolution of the Proboseideans. They especially 
demonstrate three of the six principles above, namely: 
(1) aristogenesis, the orderly creation of something 
better or more adaptive, (2) secular genetic reaction, 
i.e., creative origin from the germ plasm of entirely 
new germinal characters in the grinding teeth; (3) 
potential homogeny, the potentiality of the creative 
origin of new adaptive characters which distinguish 
certain lines of descent, the potentiality lying in a 
common germinal ancestry. 

The scene of the first example of proboscidean 
aristogenesis is from a descent line of mastodonts 
living in the Siwalik Hills of northern India during 
the flood plain deposition of 13,000 feet of Miocene 
sediment (Chinji, 2,300 feet; Kamlial, 1,700 feet; 
Murree, 8,000 feet; Gaj (Bugti), 1,000 feet). The 
percentage of these Miocene strata to the whole 
Siwalik series of 16,000 feet is 81 per cent. The time 
estimate of the Miocene period (Barrell, 1916) is from 
12,000,000 to 14,000,000 years. We witness here the 
creative origin from the germ plasm in a definitely 
known period of geologic time, which may be tabu- 
lated as follows: 
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In the lower Oligocene Phiomia osborni, the third 
inferior grinders, with the corresponding grinders 
above, condition the daily needs of crushing the 
requisite amount of herbage and are prophetic of the 
fact that in all Proboscideans it is the back molars 
on which biomechanical adaptation concentrates. Nine 
new elements are added in the Basal Miocene 
Trilophodon cooperi; seventeen new elements in 
Trilophodon paleindicus ; twenty-five new elements in 
Trilophodon chinjiensis; twenty-four in Trilophodon 
macrognathus. Each of these elements rises from the 
creative potency of the germ, first as an inconspicuous 
rudiment, finally as a functional and useful cone or 
enamel folding. This phyletic series accordingly is a 
true picture of the evolution of the aristogenesis latent 
in the germ plasm. 

The three principles of potential homogeny, of 
secular adaptive reaction, of the creation of some- 
thing more adaptive or aristogenesis, are absolutely 
and irrefutably demonstrated in these third inferior 
molars of a single line of descent. They conform with 
what has been repeatedly observed in other lines of 
descent. The fact that this creative aristogenesis is a 
totally unexplainable and mysterious process in no 
way invalidates or undermines this absolutely concrete 
and irrefutable evidence of the actual modes of the 
origin of new characters in species, genera and higher 
divisions. These three principles are totally at vari- 
ance with the working hypotheses of Darwin’s varia- 
tional-natural-selection, or of Lamarck’s inheritance 
of acquired characters. 

My second illustration is from the superior and in- 
ferior grinding teeth of the higher elephantoid di- 
vision of the Proboscideans; it affords us a still more 
brilliant and convincing demonstration of the absence 
in biomechanical adaptation of anything in the nature 
of chance or experiment or trial and error. In the 
reciprocal mechanism of the grinders for the finer 
comminution of the food every mechanical adaptation 
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of the upper grinders is reversed by an energetically 
counteracting adaptation in the lower grinders; the 
rates of these reciprocal upper and lower mechanical 
adjustments are precisely coordinated. 

The enamel foldings by which the adaptive ridge 
crests rise from three in Oligocene time to thirty- 
seven in Pleistocene time constitute a potential charac- 
teristic of the Proboscideans. They begin with a 
low transverse ridge crest seen in a previous Miocene 
mastodont molar with a ganometric enamel length of 
470 mm. (Pentalophodon sivalensis), which by multi- 
plication of ridge crests and elevation of the enamel 
foldings rises to 6,800 mm. in the highly complex 
mammoth stage of Mammonteus primigenius com- 
pressus. These are the extremes. In this closing 
Pliocene and entire Pleistocene of 1,250,000 years we 
are enabled by the new ganometric system’ to demon- 
strate that each of the six great phyla or genera of 
elephants—Archidiskodon, Parelephas, Mammonteus, 
Paleoloxodon, Loxodonta, Elephas—has an indepen- 
dent line of grinding tooth evolution, progressive at 
distinct rates, slow, medium and rapid, parallel and 
similar but wholly independent. In fact, the end 
terms of this independent evolution produce grinding 
teeth so closely resembling each other that only re- 
cently has it been possible for Osborn to demonstrate 
that each of the six generic lines may be clearly dis- 
tinguished when closely analyzed. 

While fatal to Lamarckism in the temporary sense 
that all that is acquired is inherited, there is a vestige 
of the Lamarckian idea in the secular 14,000,000 year 
experience of the mastodont and elephantoid grinding 
teeth, in that these new germinal characters and new 
germinal foldings do not rise spontaneously as they 
would on an entelechistic or vitalistie hypothesis, 
but the twenty-six new conical elements or thirty-four 
total new elements observed in the mastodontoid series 
appear in secular response to the demands made on the 
feeding mechanism by different kinds of food. They 
are closely proportioned to the whole amount of feed- 
ing energy which is thrown upon the grinding teeth. 
Where other feeding organs, such as the incisive tusks, 
share the problem of the feeding animal as a whole, 
the grinding tooth mechanism is much simplified. The 
same principle is observed in the contrast between 
the conservative grinding teeth of the modern African 
elephant which have remained in an upper Pliocene 
stage of evolution with a ganometric scale of 2,300 
mm., while the grinders of the modern Indian elephant 
attain a length of 7,850 mm. 

Fatal as biomechanical evolution is to Lamarckism, 

7 Henry Fairfield Osborn and Edwin H. Colbert, ‘‘ The 
Elephant Enamel Method of Measuring Pleistocene 
Time. Also Stages in the Succession of Fossil Man and 


Stone Age Industries,’’ Proc. Amer. Phil. Soc., Vol. 1xx, 
No. 2, 1931, pp. 187-191. 











it is still more fatal to Darwin’s working hypothesis 
of adaptation through survival of variations in any 
degree subject to chance. First, chance is absolutely 
eliminated, both theoretically and actually, by Pro- 
boscidean evolution; second, the rapidity of evolution 
is now known to be entirely independent of the 
rapidity of selection. In the Pleistocene million year 
period extremely slow-breeding elephantoids evolve 
their grinding teeth with amazing rapidity, far out- 
stripping any of their rapidly breeding mammalian 
contemporaries in which it is difficult to distinguish 
a Lower Pleistocene specific stage from a modern 
specific stage. 
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We must confess that Biology is at present a totally 
uncoordinated science still in its infancy. It js not a 
science in the sense of astronomy or physics or chem- 
istry. As compared with astronomy, it js what 
astronomy would be if, after the discovery of the spec- 
troseope, the whole structural astronomy had been 
abandoned. In other words, when we biologists 
abandon morphology, as a great majority are doing, 
we are leaving out of consideration the Phenotypic 
aspects of heredity. Certainly no one eould dream 
of the creative evolution of the germ plasm without 
the aid of the penetrating secular vision of modern 
vertebrate paleontology. 


SPACE STRUCTURE AND MOTION. II 


By Dr. GUSTAF STROMBERG 
MOUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 


If we carry out the dynamic description of motion 
to its logical end, we arrive at rather puzzling conclu- 
sions. Let us use a reference system fixed to the 
earth. 


Macnu’s PRINCIPLE 


The celestial bodies cause a turning of the plane of 
motion of Foucault’s pendulum. When a street car 
stops and I feel a jerk, I conclude that there would 
be no jerk at all, or only a small jerk, if the distant 
galaxies were not there. This is a consequence of our 
dynamic conception that all motion is relative to 
matter. This principle was first enunciated by Ernst 
Mach. 

Is there anything wrong in our deductions? Some 
authorities think that matter may perhaps only be 
responsible for the distortions in space-time and not 
for its fundamental properties. Weyl* has written 
an interesting dialogue about this subject. But most 
authorities defend Mach’s principle and maintain that 
the stars are responsible for all the metrical properties 
of space-time, including inertia. 

To understand this action at inconceivable distances 
we must greatly extend our study. We have, in the 
writer’s opinion, to go deep down into the dark cor- 
ridors of the foundation of matter. We must also 
include a new, but not unfamiliar, element in our 
study. 

INTRODUCTION OF THE OBSERVER 

In the introduction I enumerated the elements which 
enter into our description of motion, but I omitted 
one very important factor. There is also the human 
observer with his peculiar habit of describing, analyz- 
ing and interpreting his sensations and measurements, 


4 Massentrigheit und Kosmos, Die Naturwissenschaf- 
ten, 12: 197, 1924. 


not as complexes, but in terms of simple, not further 
reducible elements. 

Most human observers have an inherent love for 
simplicity, uniformity and permanence, and express 
these concepts in terms of unchanging physical laws 
of the simplest possible kind valid for the whole uni- 
verse. If he finds that he can “explain” nature in such 
a way he prefers this explanation and disregards more 
complex conceptions, or at least suspects them of 
being artificial, only usable for giving numerical] rela- 
tions. For this reason he has some preference for 
inertial reference frames and Euclidean geometry. 
That is the reason he thinks the earth moves around 
its axis and not the stellar frame around the earth; 
the earth moves about the sun and not the sun about 
the earth. He is influenced by the smallness of the 
earth as compared with the immensity of the system 
of galaxies, and ascribes more reality and importance 
to a frame where the sum total of energy and 
momenta in the observable universe is comparatively 
small than to one in which it is tremendously much 
greater. 

Back of the human observer’s analysis lies also a 
peculiar characteristic of his consciousness, which 
makes him single out one particular axis in space- 
time, which he calls the time-axis. He regards this as 
being built up of small elements, which he calls 
moments of time. His memory enables him, to 4 
certain extent, to combine these moments into a longer 
time interval, within which he has a definite feeling 
of retaining his identity, even if his material structure 
has been entirely renewed. The extension of the time- 
axis in one direction, the past, seems also to be of a 
different nature than the extension in the opposite 
direction, the future. 


































































































pocemner 2, 1932 


EvuCcLIDEAN GEOMETRY 












He has also criteria, expressible in mathematical 
ems, for a space of the simplest possible kind, that 
s characterized by the simplest possible geometry. 
spout the validity of Euclidean geometry Einstein® 
syotes Poincaré: “Euclidean geometry is distin- 
ished above all other imaginable axiomatic geom- 
Mies by its simplicity. Now since axiomatic geometry 
by itself contains no assertions as to the reality which 
an be experienced, but can do so only in combination 
ith physical laws, it should be possible and reason- 

,ble—whatever may be the nature o. reality—to retain 

nelidean geometry. For if contradictions between 
heory and experience manifest themselves, we should 
ather decide to change physical laws than to change 
xiomatic Euclidean geometry.” 

Einstein comments on this: “Sub specie aeter- 
itatis,° Poincaré in my opinion is right. The idea 
of the measuring-rod and the idea of the clock co- 
ordinated with it in the theory of relativity do not 
ind their exact correspondence in the real world. It 
s also clear that the solid body and the cloek do not 
n the conceptional edifice of physies play the part of 
rreducible elements, but that of composite structures, 
which may not play any independent part in theo- 
retical physics. But it is my conviction that in the 

Ppresent stage of development of theoretical physics 
hese ideas must still be employed as independent 
deas; for we are still far from possessing such cer- 
ain knowledge of theoretical principles as to be able 

0 give exact theoretical constructions of solid bodies 
and clocks.” 

Poincaré’s standpoint is generalized by Einstein in 
he following way. “Geometry (G) predicates nothing 
about the relations of real things, but only geometry 
ogether with the purport (P) of physical laws can 
lo so. Using symbols we may say that only the sum 
of (G) and (P) is subject to the control of experi- 
ence. Thus (G) may be chosen arbitrarily, and also 
part of (P); all these laws are conventions. All that 
is necessary to avoid contradictions is to choose the 
remainder of (P) so that (G) and the whole of (P) 
are together in accord with experience.” 


COMPARISON BETWEEN KINEMATIC AND DyNAMIC 
DESCRIPTIONS 


The kinematie picture of motion takes into account 
the observer’s conception of time as separated from 
space. In this picture use is made of the simplest 
> “Geometry and Experience,’’ Sidelights on Relativ- 
ity, Methuen, 1922, iu ; 


°“From the point of view of eternity.’’ This is 
Spinoza’s famous expression. His philosophy implies 


that the value and meaning of any fact are not known 


unless we know it in all its relations to the system of the 
universe, 
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possible geometry, constant in space and time, but 
the physical laws are empirical, and unrelated. In 
the dynamic description the geometry is—for an 
actual observer—empirical, variable in space and time, 
and the physical laws are rational and interrelated. 
Both descriptions contain empirical and rational ele- 
ments, and the combination of both must agree with 
experience to form a “true” description. From this 
point of view the general theory of relativity becomes 
a powerful method of research, rather than the only 
true description of motion. Since we have reason to 
believe that the distinction between the two opposite 
directions of the time-axis is not only a property of 
the human consciousness, but has an even more funda- 
mental nature—as evidenced by the increase of 
entropy with time—it may well be that the kinematic 
description expresses more reality than the dynamic 
deseription. We may take the laws derived by the 
use of the research method mentioned and apply them 
in our kinematie description, and thus obtain a simple, 
constant geometry, a unique time-axis, and rational 
laws, although the rational character of the laws is 
not immediately visible when expressed in such terms. 


DIFFERENTIATION BETWEEN SPACE AND TIME 


I have pointed out that the main difference between 
the kinematic and the dynamie description of motion 
lies in the fact that in the first time is regarded as 
distinct from space, whereas in the second it merges 
with the three space dimensions into a four-dimen- 
sional space-time manifold. This merging is quite 
natural when space-time is isotropic and only a few 
test bodies and an observer are present. But when 
matter is distributed in space, space-time is no longer 
isotropic, and the very existence of matter causes—if 
we want to use a geometry constant for the whole 
universe—a differentiation between space and time, 
strongly confirmed by our consciousness. When we 
investigate space the natural reference frame is one 
at rest relative to the matter in the universe; when we 
investigate the laws of motion the natural frame is 
one tn which a freely falling observer is at rest. The 
differentiation between space and time has been recog- 
nized by Einstein in his expression for a line-element 
on a large cosmical seale, although in the world con- 
sidered by him the matter had no motion, and such a 
world has been proved to be unstable. The same 
differentiation occurs in Lemaitre’s expanding uni- 
verse, where it is the space-scale only that increases 
with time. In De Sitter’s world there was no matter, 
but only motion, and hence there was no such differ- 
entiation. The unique differentiation between space 
and time means ultimately the conception of a funda- 
mental unique reference frame for velocities, and 





506 


velocities referred to this frame we may call “abso- 
lute.” We can now answer the question whether 
accelerations and rotations are “absolute” or “rela- 
tive.” The writer would like to put this answer in the 
following form. 

W orLD-FRAME 


There exists a unique inertial frame, defined, but 
only statistically and in a loose way, by the anagalactic 
star systems. This frame we may call the “world 
frame.” These star systems have limited velocities 
relative to this frame—either on account of a physical, 
perhaps original, restriction of the linear and angular 
momenta of atoms and electrons relative to it;’ or on 
account of the observable universe formerly having 
occupied a smaller volume of space, and exchange of 
momenta and energy having produced a certain dis- 
tribution law of the original energies and momenta of 
atoms and stars; or on account of the escape to more 
remote regions of space of galaxies of the higher 
velocities. The frame has a space structure which 
is modified in the neighborhood of matter, but its 
large-scale features in space and time are uniform, 
but not necessarily exactly Euclidean. Whether mat- 
ter is the cause of the metrical properties of the 
structure, or if protons and electrons are the “visible” 
centers of singularities in it, is irrelevant; matter and 
structure are simply coexistent and coextensive. Mat- 
ter is moving relative to the space structure—the 
necessity of this conception is most clearly seen in 
the case of rotation—and so is the observer, who has 
a material structure. It is only when there is a dif- 
ference in the motion of the observer and an observed 
or interposed object that any observable effects are 
produced. We can then understand the coincidence 
between the inertial frame and the world frame, so 
far as rotation is concerned. Accelerations relative to 
this structure and relative to distant galaxies must 
obviously be the same, and we are at liberty to call 
' rotations and accelerations “relative” or “absolute,” 
but the former seems only to have a statistical mean- 
ing. From this point of view there exists also an 
“absolute” velocity, but it can only be determined sta- 
tistically from the radial velocities of extra-galactic 
objects. The sun’s absolute velocity is found to be 
about 300 km/sec., most of it probably due to motion 
about the center of the galaxy. Even if the space 

7 There exists a certain peculiarity in the motions of 
the stars in the galaxy (the asymmetry in stellar mo- 
tions), which can be explained as due to a velocity 
restriction in this unique, non-rotating world frame. 
But the restriction seems in this case mainly to be due 
to the predominance of circular orbits and to the obvious 


limitation of velocities of bodies permanently belonging 
to the galactic system. 

8 The latest determinations are by Hubble, Proc. of the 
National Academy, 15: 168, 1929; and by Oort, Bulletin 
Astron. Instit. Netherlands, 5: 239, 1930. 
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structure should not extend uniformly far beyond th, 
observed galaxies, it may still define a unique frend 
for the observable universe. 

The objection may be raised that any other inertjs 
frame would have the same properties. If we take 
the extreme consequences of this idea, however a 
may think of the case of an observer moving with 
constant velocity, relative to the stars, approachin, 
that of light. On account of aberration all the stay 
would be in one hemisphere, the pole of which lies », 
the direction of motion. Parallactic displacements 
would tend to make the nearer stars quickly pasg 
through a region intermediate between the pole an 
the “equator.” The stars near the pole would have , 
color far out in the ultra-violet, and the stars near th, 
equator would be invisible, only giving out radiation 
of long wave-length. The light and the electronic 
emission of the stars, and above all the penetrating 
radiation (from interstellar space?), would exert , 
one-sided pressure, like that produced by a “wind” 
which could set screws in rotation and would cause g 
retardation of the motion of the observer.* It is quite 
conceivable that phenomena, perhaps of another type 
than those contemplated in the special theory of 
relativity and entirely without measurable effects for 
small velocities, would in such an extreme case make 
it possible for the observer to determine what he might 
call his “absolute” velocity, even without referring it 
to the stars directly. 


ETHER AND SPACE STRUCTURE 


The difference between the classical ether and the 
space structure lies in the conception that the former 
was a medium “apart from” matter, whereas the latter 
can be regarded as a medium which is “a part of” 
matter, or perhaps matter is a peculiar part of it. 
The former medium transmitted energy and linear and 
angular momentum, but the latter does not carry 
energy and momenta, this being done by the singu- 
larities according to the rules of quantum mechanics 

The space structure is a very real thing. It can 
move relative to matter, or rather matter can move 
relative to it, but this motion is not associated with 
any energy or momentum and is hence not directly 
observable. The space structure helps to determine 
observable events, however, by guiding world-lines in 
accordance with its characteristics or “potentials,” and 
is in this respect identical with what Einstein has 
called “the ether of the general theory of relativity.” 
Hence it can be explored by “putting world-lines into 
it,” that is, by sending light signals and particles 
through it. 

® A little consideration shows that large rotations, like 
those of the spiral nebulae and the galaxy, are slowly Te 


duced by this action, the lost angular momentum being 
transferred to the system of photons, electrons and stars. 
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SINGULARITIES IN THE Space STRUCTURE 
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The structure contains several kinds of singularities, 
‘| carrying energy and angular and linear momentum. 
The observations of events in the material world are 
nlways caused by singularities imparting energy and 
momenta to the observer’s sense organs or instru- 
ents. The conception that the motions of bodies 
snd photons are governed by a structure of space will 
how be extended to similar phenomena in close neigh- 
}rhood of the material singularities (electrons, pro- 
ns, atoms). Electrical forces now play a predom- 
vant role. We know that certain space-time-mass 
tities (action, angular momenta) only occur in 
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ave almnature as integral multiples of an ultimate small unit. 
ir thelliThe time element can be standardized by referring 
ationfthe motions to the world frame, after the laws of 
ronielmotion have been determined by the use of the re- 
atingMMearch method mentioned before. We are then led to 
ert almmthe conception that around a singularity of a certain 
ind,"fmeharge and polarity space has a definite fine-structure, 
ise ame conception justified by a number of observed 


phenomena. The singularities may have many aspects 
not belonging to the physical world, but their metrical 
(space-time) aspect can be mathematically described 
a system of “waves” in configuration space 
Schrodinger). The fine-structure around a singular- 
ty varies rapidly as we approach its center, produc- 
ng potential walls or shells more and more difficult 
0 penetrate, or to leave if we are between two such 
shells, but it disappears gradually as we recede from 
he center, and goes over into a smoothly changing 
positive or negative increment to the “density of elec- 
ricity” asymptotically approaching zero at infinity. 
This extension may be regarded as the “foundation” 
pf the singularity. How the electro-magnetic and the 
nertio-gravitational phenomena are connected seems 
0 be a mystery, but we have reason to believe that the 
general structure of space is due to the superimposed 
oundations of all the material singularities in the 
iniverse. The physical importance of inertial frames 
lefined by all the star systems now becomes under- 
standable, and we can also see that it is only the lack 
of homogeneity in the structure which makes possible 
h determination of the world frame. For any ob- 
server the appearance and effect of a “wave system” 
lepend upon its interference with that of the material 
measuring device, and are hence directly dependent 
pon the relative motion. 

A very simple singularity is a photon, which carries 
nergy and angular and linear momentum, depending 
pon its frequency and state of polarization. A 
photon far from matter has the peculiar property 
, Bhat it can not remain stationary, but must move with 
: Pp definite velocity, relative to the world-frame men- 
. tioned, equal to that of light, and resembles in this 
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respect a vortex ring with a fixed axial velocity. A 
photon can attach itself to an atom, but not to an elec- 
tron or another photon, and its energy and momenta 
are then absorbed by the wave system of the atom. 
Photons can also collide with electrons, protons and 
atoms and are then scattered, but they can not collide 
with other photons (in which case we could never 
have seen the stars distinctly). 


INTERFERENCE OF LIGHT 


In a source of monochromatic light a large number 
of photons are emitted practically simultaneously from 
a large number of excited atoms, due to resonance 
effects.1° Such a group of photons constitutes a 
“erystal shell” moving with the velocity of light, the 
spacing of the photons in depth depending upon their 
energy and being equal to one “wave-length.” The 
lateral spacing is governed by a repulsive force be- 
tween the photons. The photons tend to remain on 
or near certain “phase surfaces,” ordinarily perpen- 
dicular to the direction of propagation. When such 
a coherent erystal meets another coherent crystal of 
the same wave-length, the photons do not collide but 
are displaced laterally, and place themselves at the 
intersections of the phase surfaces. It is only when 
the two groups are part of the same crystal that an 
interference pattern fixed in space can be produced. 
In a similar way we can visualize the interference due 
to a group of electrons of the same velocity, and thus 
of the same momenta, surrounded by similar fine- 
structures and hence of uniform spacing in depth. 
The “spacing” must not be thought of as being mea- 
sured accurately by the use of photons or electrons— 
the uncertainty principle making this impossible—but 
is measured by a product of a velocity and a periodic 
time, that is, as a statistical property pertaining to a 
group. 

SPACING oF ATOMS 

The compounded fine-structure around the atomic 
nuclei and electrons in ordinary erystals and other 
solid bodies determine their spacing, and hence are 
responsible for the elastic and optical properties of 
these bodies.14 The “potential” and the actual spacing 
of the atoms may differ if the body is subject to a 
stress. Organic structures are also determined by 
a fine-structure, and the complex structure and change 
in living cells indicate thus a highly complicated and 

10 This conception is necessary in order to understand 
the coherence of light beams and the existence of inter- 
ference for very weak light. 

11 Electro-magnetie forces are here regarded as due to 
the space gradient in the combined fine-structure, and are 
dependent upon the relative positions, motions and polar- 
ities of all the charges present. The forces on the atomic 
nuclei in a erystal hence disappear when the nuclei are 


near certain singular points representing stationary values 
of the density of electricity. 
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changing fine-structure at that particular place and 
time. If we judge from the physical properties of 
its constituent atoms and molecules alone, living or- 
ganisms are, in contradistinction to crystals, extremely 
improbable and should not exist at all, and it seems 
to the writer that we may well be forced to the con- 
ception that the spacing of the molecules in living 
cells is not directly determined by any grouping of 
atoms, however complicated, but by an independent 
fine-structure in space, which only slightly modifies 
the ordinary motions of electrons and atoms. To 
secure stable “materialization,” growth and develop- 
ment of the minute structure in an egg-cell, for in- 
stance, it seems that aggregation of atoms must first 
be “trapped” in certain singular points in the im- 
material fine-structure. This can only happen if the 
vibration system of the aggregate moving through it 
harmonizes with the existing structure. For this pur- 
pose the aggregate must have the right mass, charge 
and structure, the polarities must be correct, and it 
must move slowly in a liquid—like atoms when form- 
ing a crystal from a solution—so that the weak elec- 
trie forces due to the fine-structure can effectively stop 
it, and it is then incorporated in the immaterial (mass- 
and inertia-free) fine-structure (assimilation). 

We living beings can, if we so choose, change the 
potential spacing of atoms within the cells of our 
muscles and do work, but the energy must come from 
a source other than the mental will or the nerve im- 
pulse. We are also familiar with a whole world of 
other phenomena, associated with space and time, 
but not directly with mass, energy or momenta. 


CONCLUSION 


It was the pull of the intangible threads binding my 
material body to the space structure, the latter 
being in itself the foundation of the innumerable 
atoms in the innumerable galaxies, I felt when my 
street car stopped. It was the same pull, due to a 
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horizontal stratification in the superimposed foun 
tions of the atoms in the near-by earth I felt When 
raised my hand. In doing this I sent weak elect; 
currents through certain nerves to the muscles in B 
arm, which caused a modification of the potential] Spa 
ing of the atoms in the individual cells. The Contrae 
tion of the muscles required work, and this was most) 
taken from organized chemical energy.!? The gm) 
energy needed for the nerve impulse was similar), 
supplied by chemical action in the brain cells. ] 
noticed a time lag and an element of freedom to 
or not to do it, which I imagined was due to the fae 
that the original action in the brain cells was entire); 
energy-free. It did not belong to the ordinary physi 
cal world of atoms, ruled by probabilities, but pe 
longed to another world, with which I was aly 
familiar, but only on a gross scale, where individug 
bodies were moved according to a plan, the energy 
being taken from a source external to the designer, 

A large number of photons, which, starting eigh 
minutes earlier from the sun, were reflected by ny 
hand, had at the emission process arranged themselves 
in a peculiar moving pattern, which made possible th 
formation of a distinct image of my hand on th 
retina of my eye. The vibrations in the space struc 
ture in a certain part of my brain caused by thi 
image had also another and much more fundamentally 
aspect and represented in my consciousness a visu: 
sensation. When I reflected over this, and over th 
existence of organic and, in particular, human life a 
indicative of the method by which a development of 
something immaterial is brought about for an wm 
known ulterior purpose, the space structure in othe 
parts of my brain also vibrated. Another vibration 
and I felt an intensive joy, like that of a man, bom 
and kept in the dungeons of a prison, who has ju 
seen a ray of light coming through the impenetrabl 
prison walls revealing a little bit of a mysterious su, 
lit world. 


OBITUARY 


RECENT DEATHS 


THE death is announced, at the age of seventy- 
seven years, of Dr. Erasmus Haworth, formerly dean 
of the school of geology at the University of Kansas 
and for many years state geologist. 


Dr. HeryricH HASSELBRING, chief of the depart- 
ment of botany, Central Experiment Station, Santi- 
ago de las Vegas, Cuba, from 1907 to ’09, and physi- 
ologist in the United States Bureau of Plant Industry 
from 1909 until his retirement for disability a short 
time ago, died on November 9 at the age of fifty-seven 
years. 


Sir DuGatp CuarK, known for his work on internal 
combustion engines and the properties and possibil 
ties of gaseous fuel and gas lighting and heating, died 
on November 12, in his seventy-ninth year. 


12 The conditions may be similar to those in a volta 
pile, where we also have organized chemical energy 4! 
where the electric attraction between the plates ma) 
represent the contractive force. But we must not over 
look the possibility that some of the energy may com 
from disorganized motions (heat) of the atoms. 4l 
though this is a contradiction of the second law of ther: 
modynamics, we must remember that we are dealing 
an action on an atomic scale. It seems to the write 


quite possible that atoms also here may be ‘‘ trapped’ 
in certain singular points of the modified fine-structur 
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Dr. WiLLiaM GARNETT, secretary and educational 
adviser to the London Technical Education Board, 
1893-1904, educational adviser to the London County 
Council, 1904-15, previously principal and professor 
of mathematics of the Durham College of Science, 
died on November 1, aged eighty-one years. 


Nature reports the death of Thomas Gray, pro- 
fessor of technical chemistry at the Royal Technical 
College, Glasgow, an authority on fuels, on Septem- 
ber 26, aged sixty-three years, and of Sir Bernard 
Mallet, registrar-general from 1909 until 1920, and 
president since 1929 of the Eugenics Society and a 
past president of the Royal Statistical Society, on 
October 28, aged seventy-three years. 


SaLOMON REINACH, director of the National Mu- 
seum of Antiquities at St. Germain-en-Laye, France, 
died on November 4, at the age of seventy-four years. 


MEMORIALS 


THE Minnesota State Historical Society has placed 
a bronze tablet on the home, at Le Sueur, Minnesota, 
of Dr. William W. Mayo, who was born in England in 
1819. The tablet was unveiled on November 23. It 
is inscribed: “In this house from 1858 to 1863 lived 
Dr. William W. Mayo, father of Dr. William J. Mayo 
and Dr. Charles H. Mayo and the physician who cared 
for the defenders of New Ulm after the Indian mas- 
sacre of 1862.” Governor Floyd B. Olson, officials of 
the historical and medical societies and the two sons 
of Dr. Mayo took part in the commemoration. 


A RED oak sapling was planted on November 10 in 
memory of Dr. George F. Kunz, civic leader and gem 
expert, on the Central Park West lawn of the Amer- 
ican Museum of Natural History. The ceremony took 
place under the auspices of the New York Bird and 
Tree Club, of which he was honorary president. The 
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speakers included Dr. Roy Waldo Miner, curator; 
Dr. C. Stuart Gager, director of the Brooklyn Bo- 
tanie Garden, and Dr. Elmer D. Merrill, director of 
the New York Botanical Garden. 


The Wistar Institute News reports that the “Life 
and Letters of Professor Joseph Leidy,” who was fifth 
professor of anatomy at the University of Pennsy]l- 
vania and who died in 1891, is to be completed at the 
institute during the coming winter. The death of Dr. 
Joseph Leidy, II, nephew of Joseph Leidy, early in 
the summer of 1932, left unfinished the book upon 
which he had been working for many years. Dr. 
Leidy, II, left to Dr. Charles S. Dolley, formerly pro- 
fessor in the University of Pennsylvania, now a resi- 
dent of Nassau, N. P., the materials for completing 
this work. Mrs. Joseph Leidy, II, is now transfer- 
ring to The Wistar Institute all the manuscripts, let- 
ters of many distinguished naturalists of Professor 
Leidy’s time and many other documents, drawings, ete. 
The book will be published by The Wistar Institute 
Press. 

AT University College, London, the Bayliss-Starling 
Memorial Scholarship (in physiology or biochemistry) 
has been founded by old students, friends and ad- 
mirers, in commemoration of Professor Sir William 
Maddock Bayliss and Professor Ernest Henry Star- 
ling. The annual value of the scholarship is about 
£120, with exemption from tuition fees; it is tenable 
at University College, London. 


A MONUMENT was unveiled in Brussels to Ernest 
Solvay, the eminent chemist, philanthropist and pub- 
licist, on October 16, in the presence of the King of 
the Belgians and the Duke of Brabant. Solvay was 
born at Rebeeq in Brabant on April 16, 1838, and 
died in Brussels on May 26, 1922. The foundation of 
his success in chemical industry was his discovery of 
the ammonia-soda process. 


SCIENTIFIC EVENTS 


THE ANNUAL SESSION OF GERMAN SCIEN- 
TIFIC MEN AND PHYSICIANS 

Tue Berlin correspondent of the Journal of the 
American Medical Association writes that the annual 
session of the Gesellschaft Deutscher Naturforscher 
und Aerzte was hheld this year in Wiesbaden and 
Mainz, with an attendance of 2,600. The insignia 
showed a bust of Goethe, with the question asked by 
Faust: “Wo fass’ ich dich, unendliche Natur?” The 
addresses of weleome were characterized by a warm 
patriotic tone, expressed satisfaction at the liberation 
of the Rhine countries, and contained many references 
to the great sacrifices that the population of this 
region had been obliged to make. 





Professor Aschoff, the chairman, called attention to 
the reorganization of the society, which has brought 
about a simplification of the program. He emphasized 
the need of these conventions, which now, owing to 
the changed conditions resulting from the creation of 
numerous societies of specialists, had assumed a new 
task; namely, that of supplying a comprehensive sur- 
vey of the whole field. All attempts to separate the 
physicians from other scientific men were unavailing. 

The medical section convened on the afternoon of 
the first day. The address of Professor Miissemeier, 
of Berlin, on anthrax, was presented in honor of the 
memory of Robert Koch. Dr. Miissemeier discussed 
new important measures for the prevention of the 
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transmission of anthrax to Germany. 
Horlein, of Elberfeld, spoke on the need of close co- 
operation between medicine and chemistry to-day, for 
at present the action of autogenous substances has be- 
come an important field of research, in which the 
medical man can not dispense with the chemist nor 
the chemist with the medical man. The great suc- 
cess in the fields of vitamins, hormones, liver therapy 
and also chemotherapy is due to this cooperation in 
research activities. The meteorologist Geiger, of 
Munich, spoke on the idea of a “microclimate”; that 
is to say, the climatologic relationships within a small 
space; for example, on the ground within a wooded 
tract or at the edge of a forest, or in the living rooms 
of a dwelling. 

On the second day, at a combined assembly, the 
results of research on pneumococci and pneumococcus 
diseases were discussed by Gundel, of Heidelberg; 
Lauche, of Bonn, and St. Engel, of Dortmund. In 
the afternoon, Boas, of Berlin, and von Redwitz, of 
Bonn, diseussed the treatment of gastric and duodenal 
uleers. Then the Zurich physiologist Hess presented 
his views on sleep and hypnotics. 

The German Chemical Society held in Mainz a joint 
session with a number of sections of the association, 
which was devoted to the consideration of hormones. 
B. Zondek, of Berlin, and A. Butenandt, of Gottingen, 
who have played an important part in establishing 
the basis of our knowledge of the sex hormones, gave 
a survey of our previous knowledge and the results 
of recent research. 

The third day was devoted to the second combined 
session in Wiesbaden. Freundlich, astronomer of 
Potsdam, spoke with reference to the structure of the 
universe. Lange, of Breslau, then discussed the close 
relations between the development of twins and the 
development of personality. 

As the third speaker, Litt, professor of pedagogy 
and philosophy in Leipzig, dealt with “Education in 
Relation to the Natural Sciences.” The Zurich psy- 
chiatrist, Bleuler, spoke on memory as the funda- 
mental basis of life and the psyche. The clinicians 
Thannhauser, of Freiburg, and G. von Bergmann, of 
Berlin, presented papers on the chemical performance 
of the normal liver in relation to the processes of 
intermediate metabolism, and on the functional pa- 
thology of liver diseases. On the fourth day was a 
discussion on the blood reservoirs as presented by 
the physiologist Rein, of Gottingen, and the clinicians 
Eppinger, of Cologne, and Nissen, of Berlin. 

In view of the depression, the usual banquet, to- 
gether with other social functions, was dispensed with. 
The city of Wiesbaden, however, gave a symphony 
eoncert. The next meeting will be held in Hanover, 
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in 1934, under the chairmanship of the chemist Pro, 
fessor Bosch. 


SYMPOSIUM AT LENINGRAD ON THE 
STRUCTURE OF SOLID BODIES 

AN important symposium on the elementary struc. 
ture of solid bodies (chiefly non-metallic), at which 
many distinguished foreign savants participated, was 
held in Leningrad, from September 13 to 18, at the 
Physicotechnical Institute. In an introductory paper, 
A. F. Joffe (Leningrad) discussed the permanent dis. 
tortion of crystals and pointed out that structurally 
perfect crystals offer least resistance to distortion, 
W. L. Bragg (Manchester) deseribed the results of 
x-ray analyses of substances of more complicated 
structure, such as silicates. V. Heitler (Géttingen- 
Moscow) dealt with a semi-classical theory of the 
homopolar valence forces. Mrs. M. Classen (Lenin- 
grad) described the measurement of the limit of 
elasticity in perfect crystals and indicated that non- 
metallic crystals show annealing effects similar to 
those of metals. J. Frenkel (Leningrad) analyzed 
the concepts “solid” and “liquid,” pointing out that 
many properties which used to be considered charac- 
teristic of solids are shared to some extent by liquids 
and vice versa. Liquids, for instance, have a measur- 
able rigidity under high frequency (mechanical) oscil- 
lations. B. K. Fredericks (Leningrad) discussed the 
“swarm-theory” of liquid crystals. J. D. Bernal 
(Cambridge) considered the rational classification of 
crystals according to the nature of the weakest bonds 
and the rotation of molecules or radicals present. J. 
Errera (Brussels) spoke on the dielectric polarization 
of solids, distinguishing between ionic polarization 
due to high frequency in substances far from their 
melting point (NaCl), and dipole polarization due 
to low frequencies in substances near their melting 
point (H,0). A. V. Kurtchatov (Leningrad) dealt 
with the dielectric properties of Rochelle salt and 
explained the occurrence of the upper Curie point by 
the Lorentz interaction of rotating dipoles. The 
nature of the lower Curie point remains obscure, some 
ascribing it to the “freezing” of the dipoles and 
others to a depolarizing action determined by the 
symmetry of the crystal. N. Achulov (Moscow) con- 
sidered magnetostriction and explained the abnormal 
character of the mechanical properties of ferromag- 
netic bodies in terms of electronic orientations under 
the influence of mechanical stresses. He gave further 
a new method for calculating the magnetic suscepti- 
bility in erystals. P. L. Kapitza (Cambridge) spoke 
on magnetostriction in non-ferromagnetice bodies 
(bismuth and others). R. Fowler (Cambridge) pre 
sented a report on Wilson’s theory of semi-conductors 
which attributes their electrical properties to the ther- 
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mal excitation of a very few electrons into states of 
motion which enable them to move freely through the 
aystal. In contrast to metals, the electrical proper- 
ties of semi-eonduetors are classical. E. Tamm 
(Moscow) gave a paper on the peculiar “surface- 
hound” electronic states in non-metallic crystals and 
another paper on the calculation of the work function 
for metals; in this he showed that the work depends 
solely on the polarization of the metal (though the 
notion of the corresponding “image-force” is not 
valid). Finally J. E. Mayer (Baltimore-Gottingen) 
presented a paper on new developments of Born’s 
theory of ionic forees in erystals, based upon the 
wave-mechanical conception of interatomic forces and 
on electrical polarization. 

In connection with the above symposium a discus- 
sion was held on Dirae’s electrodynamic theory to 
which Fock (Leningrad), Podolsky (Pasadena-Khar- 
kov) and Shubin (Sverdlovsk) make interesting con- 
tributions. Nuclear phenomena, especially the analy- 
sis of atomic structure in terms of protons and 
neutrons, and the repereussion of those phenomena 
upon the law of conservation of energy, also came in 
for a fair amount of discussion. Fowler and Dirac 
(Cambridge), Tamm, Frenkel and others joined in 
this discussion. Its general tone differed from that 
of the similar discussion which took place at the 
British Association meeting (York) in that the unex- 
plained behavior of the energy distribution in the 
beta-ray emission of radioactive bodies did not ap- 
pear to shake the confidence of the speakers in the 
utility of the postulate of the conservation of energy 
when applied to subatomic phenomena. 


Victor Corman 


ANNUAL MEETING OF THE AMERICAN 
ORNITHOLOGISTS’ UNION 

THE fiftieth stated meeting of the American Or- 
nithologists’ Union was held in Quebec, Canada, from 
Oct. 17 to 20. The meeting was largely attended and 
representatives were present from 4 provinces, 16 
states and the District of Columbia. The headquarters 
were at the Chateau Frontenac, where the business ses- 
sions were held and the exhibit of bird paintings and 
photographs was installed. 

Officers for 1933 were elected as follows: President, 
J. H. Fleming, Toronto; Vice-presidents, A. C. Bent, 
Taunton, Massachusetts, and Herbert Friedmann, 
Washington, D. C.; Secretary, T. S. Palmer, Wash- 
ington, D. C.; Treasurer, W. L. MeAtee, Washington, 
D. C.; Additional Members of the Council, A. A. Al- 
len, J. P, Chapin, Ruthven Deane, H. C. Oberholser, 
J. L. Peters, T. S. Roberts and P. A. Taverner. 

The election of fellows and members included 1 fel- 
low, Hoyes Lloyd, of Ottawa, 8 corresponding fellows, 
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5 members, and 119 associates. The new correspond- 
ing fellows were: D. Francisco Chigi, of Rome; Titus 
Csorgey, of Budapest; Charles DuPond, of Brussels; 
Oskar Heinroth, of Berlin; Koloman Lambrecht, of 
Budapest; Robert Poncy, of Geneva; Bernhard 
Rensch, of Berlin; B. Stegmann, of Leningrad. 

The members elected were: Thos. D. Burleigh, of 
Asheville, N. C.; Mrs. M. E. Davidson, of San Fran- 
cisco, Calif.; Laurence M. Huey, of San Diego, Calif. ; 
S. C. Kendeigh, of Cleveland, Ohio; Jesse M. Shaver, 
of Nashville, Tennessee. 

On Thursday evening the members visited Cap 
Rouge, where they had an opportunity of inspecting 
the Langelier collection of birds. On Friday a trip 
was made to Cap Tourmente, about 40 miles below 
Quebec, to observe the flock of Greater Snow Geese 
which stop at this point for some weeks on their 
southward migration. About nine or ten thousand 
birds were observed at close range. On the return trip 
stops were made at Ste. Anne de Beaupre and at the 
Falls of Montmorency. 


THE FINANCES OF THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


A COOPERATIVE plan whereby the Massachusetts In- 
stitute of Technology has undertaken to lay up a re- 
serve against a possible deficit in case the year’s in- 
come is reduced below present expectations, has been 
announced by President Karl T. Compton. 

President Compton stated that the institute’s budget 
is now balanced, but that this action has been taken 
to create a reserve which may be drawn upon in case 
income from endowments should fall appreciably be- 
low the figure indicated by the present dividend rates. 

This salary reserve fund is to be set up from two 
sources. The first source is the “Professors’ Fund” 
which has been accumulating for more than a year 
from the 50 per cent. contributions of income earned 
by members of the staff for professional services 
rendered to parties other than the institute during the 
terms of the institute session. The professors them- 
selves have voted that this fund shall be used to set 
up a plan for leaves of absence to enable members of 
the staff to inerease their professional contacts and 
opportunities for research. They have, however, now 
voted to put such portion of this fund as may be re- 
quired at the disposal of the institute for meeting its 
operating expenses in case these should exceed the 
income for the year. 

The second source of funds consists of a deposit of 
10 per cent. of salaries or wages, after deducting an 
exemption of $500, to be accumulated between Decem- 
ber 1, 1932, and July 1, 1933, with the understanding 
that any balance of this fund which may not be 
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needed in meeting the operating expenses of the in- 
stitute shall, on July 1, be returned pro rata to those 
who have contributed to it. 

President Compton emphasized that this is a pre- 
cautionary measure to prepare for contingencies which 
are not now in sight and which it is hoped will not 
arise. 

The definition of “need” for this fund is understood 
to be the running of a deficit which is larger than 
the average deficit of the past ten years in which 
deficits have been incurred. In other words, the staff 
are not called upon to meet a “normal” deficit but 
only a deficit which runs beyond this. The fund will 
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not have to be used at all unless income from invest. 
ments falls significantly below the present estimates 

There has been no reduction in salaries at the in. 
stitute and this action is not considered as such a re. 
duction. The corporation has made every effort to 
maintain salaries on the present basis, especially jn 
view of the fact that the outside income of the staff 
through various professional contacts, comes fror, : 
type of work which is very greatly reduced during 
times of business depression. The staff as a Whole 
has already suffered a considerable reduction in jp. 
come from such work, even though the institute sa). 
aries have remained unchanged. 


SCIENTIFIC NOTES AND NEWS 


Dr. WitLIs RopNey WHITNEY, retiring director of 
the General Electric Research Laboratory; Dr. Wil- 
liam David Coolidge, who succeeds him, and Dr. 
Irving Langmuir, associate director, were tendered a 
luncheon on November 23 by representatives of the 
professional, industrial and commercial interests of 
Schenectady. Dr. Frank Parker Day, president of 
Union College, made the principal address. Dr. Lang- 
muir was the guest of honor at a dinner given by the 
Chemists’ Club on November 29, just prior to his sail- 
ing for Sweden to receive at Stockholm the Nobel 
prize award in chemistry. 


Dr. W. J. V. OsterHout, of the Rockefeller Insti- 
tute for Medical Research, has been elected a member 
of the Academy of Sciences at Halle. 


Dr. Frank B. Matuory, professor of pathology, 
emeritus, at the Harvard Medical School, has been 
elected a corresponding member of the Royal Medical 
Society of Budapest. 


AT a recent meeting of the Berlin Society for An- 
thropology and Ethnology there were elected as corre- 
sponding members Dr. Charles B. Davenport, of the 
Carnegie Institution of Washington; Professor Fabio 
Frassetto, of Bologna, and Dr. Lindblom, director of 
the Ethnographic Section of the Reichsmuseums, of 
Stockholm. 


THE Sedgwick Medal of the American Publie Health 
Association has been awarded to Dr. William H. Park, 
director of the laboratory of the New York City 
Health Department, for distinguished service to pubiic 


health. 


THE Royal Aeronautical Society has awarded the 
Taylor Gold Medal to Dr. G. V. Lachmann for his 
paper entitled “Control beyond the Stall,” and the 
Busk Memorial Prize to H. Constant for his paper 
entitled “Aircraft Vibration.” 


THE Chemical Society of Washington elected the 
following officers at a meeting held on November 10: 
President, Paul E. Howe; Secretary, James H. Hib- 
ben; Treasurer, Orville E. May; Councilors, H. T, 
Herrick, H. G. Knight, E. W. Washburn, E. Wichers, 
R. E. Gibson and M. X. Sullivan; Managers, J. A. 
Ambler, N. Bekkedahl, J. F. Couch, R. E. Gilchrist, 
A. T. McPherson and A. R. Merz. 


Dr. Ian M. THompson has been appointed to suc- 
ceed Professor Herbert M. Evans as chairman of the 
department of anatomy of the University of Cali- 
fornia. Dr. Evans is spending the year in New York 
City as a guest of the Rockefeller Institute for Medi- 
cal Research. 


CREIGHTON UNIversitTy SCHOOL OF MEDICINE has 
announced the appointment of Dr. Eugene F. Noonan 
and Leo P. Clements as assistant professors in the de- 
partment of micro-anatomy and Dr. Zeno N. Korth as 
professor of pathology. 


Dr. SamueL M. Mayrrevp has been called from 
Berea College to Intermountain College, Helena, Mon- 
tana, as professor of geology and forestry. 


Dr. E. B. Pouron, for forty years Hope professor 
of zoology at the University of Oxford, has presented 
his resignation, to take effect on January 1. 


E. E. Austen, keeper of the department of ento- 
mology in the British Museum of Natural History, 
retired on October 19, having reached the age limit 
of sixty-five years. 

Haroip SipesorHAM, who has been acting director 
of the Santa Barbara Museum of Natural History 
since the death of Ralph Hoffman in July, has been 
made director. 


Proressor Fioyp R. Watson, of the University of 
Illinois, has been named chairman of a committee of 








vest. 
ates, 
» in. 
L Te. 
t to 
y in 
taf, 
m a 
ring 
hole 
in- 
Sal. 


the 










1979 












DECEMBER 2, 1932 


the American Standards Association to develop stand- 
ard methods of measuring the absorption and trans- 
- mission of sound. The committee will work in co- 
operation with a similar committee of the Acoustical 


Society of America. 


Dr. H. A. GuEasoN, head curator of the New York 
Botanical Garden, has been asked to prepare an 
article on the family Melastomataceae for the new 
Flora of Surinam, now in course of publication in 
Holland under the editorship of Dr. A. Pulle. 


Dr. P. Lecomte pu Nowy, head of the department of 
biophysics at the Pasteur Institute, Paris, has been 
put in charge of the exhibit which the Pasteur Insti- 
tute will send to Chicago in 1933 for the Century of 
Progress Exposition. Dr. du Noiiy will accompany 
the exhibit and will stay for some time in Chicago 
and New York. 


ProressoR Ernst WALDSCHMIDT-LEITZ, director of 
the Institute of Biochemistry of the Technical High 
School in Prague, has arrived at the cancer research 
laboratories of the Graduate School of Medicine, Uni- 
versity of Pennsylvania, to spend a year there in work 
on the relation of enzymes to cancer research. Dr. 
Waldschmidt-Leitz is accompanied by Drs. Arnulf 
Purr, Franz Koehler and Leopold Weil, three of his 
assistants who were associated with him in research 
work in Prague and who will continue to assist him 
here. They will be joined in February by Dr. Anton 
Schaffner, also of the Prague laboratories. Virtually 
all the technical apparatus with which the laboratory 
at the University of Pennsylvania will be equipped 
is being transferred from Prague. 


Dr. N. L. Brrrron, direetor emeritus of the New 
York Botanical Garden, sailed for Puerto Rico on 
December 1. 


Dr. CHartes W. GREENE, professor of physiology 
and pharmacology in the medical school of the Uni- 
versity of Missouri, has been granted a sabbatical 
leave for the second semester of this year. 


Dr. Tuomas §. Baker, president of the Carnegie 
Institute of Technology, has accepted an invitation of 
the Carl Schurz Memorial Foundation to pass two 
months in lecturing at German universities. 


Dr. Kart T. Compton, president of the Massachu- 
setts Institute of Technology, delivered on November 
19 the Steinmetz memorial lecture at Union College, 
Schenectady, New York, under the joint auspices of 
the college and the General Electric Company. His 
subject was “The Battle of the Alchemists.” 


Dr. Wiut1am K. Gregory, professor of paleontol- 
ogy at Columbia University and curator of compara- 
tive anatomy and iehthyology at the American Mu- 
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seum of Natural History, will speak on “Fish Skulls: 
A Study of the Evolution of Natural Mechanisms” be- 
fore the American Philosophical Society, Philadel- 
phia, on the evening of December 2. 


Dr. Davin EvGeNeE SmitH, professor emeritus of 
mathematics at Teachers College, Columbia Univer- 
sity, gave a report on his experiences at the Interna- 
tional Congress of Mathematics at Zurich before the 
recent dinner meeting of the New York Society for the 
Experimental Study of Education. 


Dr. WILLIAM WALTER Cort, professor of helmin- 
thology and head of the department, School of Hy- 
giene and Public Health of the Johns Hopkins Uni- 
versity, delivered the annual address of the Alpha 
Alpha chapter of Alpha Epsilon Delta at the Univer- 
sity of Alabama, on November 16. His subject was 
“The Hookworm Problem in the United States.” Fol- 
lowing the lecture, honorary membership in Alpha 
Epsilon Delta was conferred upon Dr. Cort. 


Dr. Ernest C. Faust, professor of parasitology at 
the department of tropical medicine, Tulane Univer- 
sity, delivered an address under the auspices of the 
Sigma Xi Club of the University of Alabama on No- 
vember 18. His subject was “Use of the Experi- 
mental Method in the Study of Human Parasitic In- 
fections.” 


THE December meeting of the De Paul University 
Chemistry and Physics Society will be held in the Ad- 
ministration Building of the Century of Progress Ex- 
position, when Dr. Eben J. Carey, director of medical 
exchange for the exposition, will be the guest of 
honor and the speaker of the evening. 


Dr. C. G. Setigman, professor of ethnology at the 
London School of Economies, delivered the Huxley 
Memorial Lecture of the Royal Anthropological In- 
stitute, London, on November 29. 


THE fourth Liversidge lecture, founded in accord- 
ance with the will of the late Professor A. Liversidge, 
of the University of Sydney, was given before the 
Chemical Society, London, on November 25, by Dr. 
F. W. Aston. The title of the lecture was “Physical 
Atomic Weights.” 


Sir Cartes Scotr SHERRINGTON, Waynflete pro- 
fessor of physiology at Oxford, has been appointed 
Bede lecturer at the University of Cambridge for the 
year 1933. 


THE Royal Swedish Academy of Science has de- 
cided to add the prize money for physics for 1931, for 
which no award was made, to the Nobel reserve fund 
for physics, and to defer the physies prize for 1932 
to next year. 


THE Journal of the American Medical Association 
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states that the chiropractic practice act, submitted to 
the voters of Massachusetts at the recent election on 
the initiative of the chiropractors of the state, was, 
according to the latest available report, defeated by 
140,000 votes. A chiropractor who desires to practice 
in Massachusetts now must conform to the standard 
of fitness imposed on all other practitioners. The act 
just defeated proposed to establish an independent 
board of chiropractic examiners, authorized to license 
chiropractors on the basis of the usual qualifications 
required of such practitioners. 


THE herbarium of Field Museum of Natural His- 
tory has been presented by the University of Chicago 
with more than 51,000 botanical specimens, assembled 
by the late John M. Coulter, for many years head of 
the botanical department of the university. It in- 
cludes hundreds of type specimens of new plants, his- 
toric collections made by early botanists who explored 
the western and southwestern regions of the United 
States and thousands of rare plants from widely 
scattered parts of the eastern hemisphere. With this 
addition, the herbarium of the museum now consists 
of more than 656,000 specimens from every part of 
the earth. Students will continue to have access to 
the entire study collections of the museum. 


At the meeting of the American Society of Tropical 
Medicine held in Birmingham, Alabama, from Novem- 
ber 16 to 18, the following officers were elected for 
the ensuing year: President, Major G. R. Callender, 
Medical Corps, U. 5. Army, Fort Sam Houston, 
Texas; First Vice-president, Dr. A. W. Sellards, Har- 
vard Medical School; Second Vice-president, Dr. W. 
A. Sawyer, Rockefeller Foundation, New York; Secre- 
tary-treasurer, Dr. Henry E. Meleney, Vanderbilt 
Medical School, Nashville, Tennessee; Assistant Secre- 
tary, Dr. Damaso de Rivas, University of Pennsyl- 
vania; Councilor, elected for five years, Dr. Alfred 
C. Reed, University of California Medical School. 
The society voted to hold its next meeting in conjunc- 
tion with the meeting of the Southern Medical Asso- 
ciation in Richmond, Virginia, in November, 1933. 


AT a recent meeting in Chicago, the directors of 
Alpha Omega Alpha Honor Society adopted the fol- 
lowing resolutions in recognition of the eminent ser- 
vices of the late Dr. William W. Root, Slaterville 
Springs, New York, the founder of the society and 
secretary-treasurer since its organization in 1902: (1) 
That all stationery and official documents of the so- 
ciety bear the words, “Founded by William W. Root, 
1902,” and (2) That the annual lecture presented each 
year by a leading medical authority be known as the 
“William W. Root Alpha Omega Alpha Lecture.” 
The present officers of the society are Walter L. 
Bierring, Des Moines, president; Austin A. Hayden, 
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Chicago, vice-president; Josiah J. Moore, 55 East 
Washington Street, Chicago, secretary-treasure, 
Mrs. Root will continue as assistant secretary, In ai 
dition to the officers, the directorate includes: Ray 
Lyman Wilbur, Washington, D. C.; Waller §. Leath- 
ers, Nashville; Louis B. Wilson, Rochester, Minnesota 
and Willard C. Rappleye, New York City. The ian. 
mittee on extension and policy comprises Elias P. 
Lyon, Minneapolis, chairman; William Pepper, Phila. 
delphia; Irving S. Cutter, Chicago; Frederick ¢ 
Waite, Cleveland, and Thomas C. Routley, Toronto. 


THE annual meeting of Delta Omega, the honorary 
public health society, was held in Washington on Qeto. 
ber 25, with the largest attendance in the history of 
the organization, including three honorary members, 
Colonel F. F. Russell, of the Rockefeller Foundation: 
Dr. 8S. Josephine Baker, and Dr. M. P. Ravenel, ed- 
itor of the American Journal of Public Health, and 
also General M. A. DeLaney, acting surgeon general 
of the U. S. Army. The officers elected were: Presi- 
dent, Dr. A. W. Freeman, professor of public health 
administration at the Johns Hopkins University; 
Vice-president, Professor Ira V. Hiscock, Yale School 
of Medicine, and Secretary-Treasurer, Dr. W. G. 
Smillie, professor of public health, Harvard Univer- 
sity. Dr. James A. Tobey, of the Massachusetts In- 
stitute of Technology Chapter, was the retiring presi- 
dent. Among other activities, the society, with the 
cooperation of the American Public Health Associa- 
tion, has republished Budd’s classic work on Typhoid 
Fever. 


Tue American Medical Association has announced 
that application blanks are now available for space in 
the Scientific Exhibit at its Milwaukee Session from 
June 12 to 16, 1933. The final date for filing appli- 
eations is February 13, 1933; the regular application 
forms must be used. Exhibits cover subjects dealing 
not only with the practice of medicine, but also with 
the basic sciences and research. There is no charge 
made for space, but the Committee on Scientific Ex- 
hibit requires personal demonstration by exhibitors. 
Application blanks and further information may be 
obtained from the Director, Scientifie Exhibit, Amer- 
ican Medical Association, 535 North Dearborn Street, 
Chicago, Illinois. 


Tue Board of Directors of the Bache Fund of the 
National Academy of Sciences, E. B. Wilson, W. J. 
V. Osterhout and Heber D. Curtis, chairman, made the 
following grants from this fund at the November 
meeting of the Academy: Dr. Rhoda Erdman, Berlin- 
Wilmersdorf, Germany, for researches in experimental 
cytology; Frank A. Perret, St. Pierre, Martinique, 
F. W. L., for the equipment and support of his vol 
cano laboratory on the slopes of Mt. Pelée; Dr. Reg'- 
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nald H. Painter, Kansas State College, Manhattan, for 
taxonomic researches on the family Bombyliidae; Dr. 
qg. B. Kistiakowsky, Harvard University, for re- 
searches on the rate of thermal isomerization in di- 


substituted diphenyl compounds. 


Dr. M. M. Wrytrose, of the Johns Hopkins Hos- 
pital, has received a grant from the Committee on 
Scientific Research of the American Medical Asso- 
ciation. The object of this study is to measure the 
volume and hemoglobin content of the red blood cor- 
puscles throughout the animal kingdom. Some of this 
work has already been done through the courtesy of 
the Mt. Desert Island Biological Laboratory and the 
National Zoological Park in Washington, D. C., with 
the aid of funds available to the Department of Medi- 
eine at the Johns Hopkins Medical School. 


AN arrangement has been made between the Yerkes 
Observatory of the University of Chicago and the 
Perkins Observatory of Ohio Wesleyan University 
whereby half of the observing time of the 69-inch 
Perkins reflector will be available for extending the 
spectroscopic program of the Yerkes Observatory. 
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The Yerkes Observatory has provided the necessary 
spectrograph, and will add a part-time observer to 
the staff of the Perkins Observatory for this purpose. 


THREE years ago a grant was made by the Rocke- 
feller Foundation to the University of Chicago for the 
support of biological research. The grant yields an 
income of $30,000 a year. It is administered by a 
committee of which Dr. Taliaferro is chairman and 
Dr. Carlson, Dr. Kraus, Dr. Lashley and Dr. Lillie 
are members. The grant has permitted some twenty 
investigations to be made, some of them extending 
their research over a period of three years. These 
investigations included Dr. F. C. Koch’s study of the 
occurrence, physiological action and purification of 
the male sex hormone; Dr. W. H. Taliaferro’s study 
of the immunology of parasites; Dr. G. K. K. Link’s 
serological studies of fungi and viruses; Dr. A. J. 
Carlson’s investigation of anemia of marked hyper- 
thyroidism; Dr. Ralph S. Lillie’s study of visible 
irradiation of the respiration of micro-organisms; Dr. 
R. W. Gerard’s study of chemical changes in nervous 
tissue; Dr. H. H. Newman’s efforts to collect data on 
left-handed individuals. 


DISCUSSION 


A CORRELATION CURIOSITY 


Ir three variables are correlated, how much more 
likely is it that the three correlation coefficients will 


be positive than that they will be negative? Dr. L. J. 


Henderson raised this question as interesting rather 
than important. It is well known that r,,, ry.) Tyz 
may be all large and positive, as near 1 as you please. 
If all three are negative, they can not all be numeri- 
cally larger than —4. Setting r=r,,, s=r,.. t=T,y; 
the conditions on r, s, t are that they shall lie between 
+1 and -1 and that 

l-r?-s?-t?+2rst = 0. (1) 
Let r, s, t be interpreted as rectangular coordinates in 
space. Then if (1), taken with the equality sign, be 
regarded as a surface inclosing the volume defined by 
(1) taken with the double sign, we have a cubie which 
passes through the four vertices, A(1, 1, 1), B(1, -1, 
-1), C(-1, 1, -1), D(-1, -1, 1) of the cube of 
Volume 8 with vertices at r=+1,s=*+1,t=+1, and 
which contains the six lines AB, AC, AD, BC, BD, 
CD, as (double) lines of the surface. In the four 
octants in which the vertices A, B, C, D are diagonally 
opposite the origin, the surface bulges out further 
(reaching those vertices) than in the opposite four 
octants. As (1) is not altered by two changes of sign 
in the three values r, s, t, it is clear that the volumes 
cut off by the surface from the octants ++ +, +--, 
~+-, --+ are all equal, and likewise the volumes in 





the octants ---, -—++, +-+, ++-. The problem 
therefore reduces to finding the volumes in two octants 
such as +++ and ++-. 
Equation (1) may be solved as 

t=rs + V/(1-r?)(1-s?). (2) 
The distance between the upper and lower naps of the 
surface is 2\/(1-r?)(1-s?) and this, integrated over 
the quadrant 0<r<1, 0<s< 1, gives x?/8. The 
total volume (1) is therefore x?/2=4.9358 or about 
8 of the cube whose edge is 2 and within which all 
points representing (r, s, t) must lie. One value of 
t in (2) will be negative, r and s being positive, when 
the representative point (r,s) lies within the quadrant 
of the cirele r?+s?=1. If (2) be integrated over this 
circular quadrant, the result is, numerically, x?/32 + 
$ = .4334; subtracting this from x?/8 we find 3 2/32 - 
%=.8003. The probability of three positive correla- 
tion coefficients is therefore .1622, which is also that 
of one positive and two negative coefficients; the 
probability of three negative or of one negative and 
two positive correlation coefficients is .0878; and the 
relative frequency is about as 1.85 to 1. The solu- 
tion of a problem in geometrical probabilities such as 
this requires an assumption as to the density of dis- 
tribution of the points, i.e., as to the variables which 
are to be taken as independent. The coefficients r,,, 
Tx2) Ty, have been assumed to be the independent 
variables. Some assumption as to how these coefii- 
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cients arose might well lead to a quite different solu- 


tion. Epwin B. Witson 


HARVARD SCHOOL OF PUBLIC HEALTH 


THE HISTORY OF BAER’S LAW 

In his article, “Significance of Baer’s Law,” R. J. 
Russell mentioned that the so-called Baer’s Law “was 
apparently first advanced by Babinet,? though it is 
customarily called Baer’s Law because of its formula- 
tion by Karl von Baer in 1866.”* However, both 
Babinet and Baer had their predecessor in P. A. 
Slovsov, author of the Russian book, “Historical Re- 
view of Siberia.” This book, the result of a life-work, 
was practically a summary of everything that Slovsov 
knew or learned about Siberia. Speaking of the 
Yenissei River, Slovsov says: “The right shore is 
always (everywhere) high, as it is in all Siberian 
rivers running in the direction of meridians; since 
long we considered this condition as the result of 
daily rotation of the Earth globe.’’ 

Slovsov’s book was known to Baer, although appar- 
ently he worked out his theory quite independently of 
the former. Slovsov was given due credit by Baer, 
who expressed his surprise that Slovsov’s ideas had 
remained quite unnoticed in Europe, and were not 
mentioned even in fundamental works on hydrography 
of Russia. Ideas of Babinet and other French scien- 
tifie men, interested in this question, were known also 
to Baer, but the latter treated the problem in its 
physico-geographical application, while French scien- 
tific men approached it chiefly from a mathematical 
poirt of view. 

Baer arrived at the discovery of his law in 1853, 
when he traveled down the Volga River to Astrakhan. 
On this occasion he was much impressed by the very 
pronounced difference between both shores of the river, 
the right one of which was unusually high, while the 
left one—low. Such an unsymmetry of valleys is very 
well expressed on many rivers in Russia running more 
or less in the direction of meridians, and was noticed 
by many scientific travelers of the last two centuries. 
Some of them tried to explain it by local geological 
structure, or dislocations; even the activity of the 
wind was taken into consideration, but no explanation 
was, as it should be, sufficiently universal to cover all 
observed cases. As was emphatically stated, in 1847, 
by a geologist, Major Wangenheim von Qualen, such 
a common phenomenon should depend in all cases on 
the same general cause. 

While at Astrakhan, in 1853, Baer reported his ob- 


1 ScreNcE, vol. 75 (1932), No. 1953, p. 584. 

2In 1849. 

8 Correct year of the publication of Baer’s article is 
1860. 

4P. A Slovsov, ‘‘ Historical Review of Siberia,’’ Vol. 
II, p. 196, 1844, 
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servations and conclusions to a few friends ip that 
town. The next winter, 1853-1854, he repeateg his 
report before a larger audience in St. Petersburg. Ty 
1854 he published in a Russian magazine (Journg| of 
the Ministery of State Domain) a report on his travel, 
into which he included his explanation of the unsym. 
metry of the Volga valley. Later he published severa| 
Russian articles in different magazines on the same 
question. He did this not only to attract more atten. 
tion to the problem but also to provoke its discussion. 
It is possible that at that time Baer learned of S)oy. 
sov’s ideas about the same subject. In 1860 Baer 
published his article, “Ueber ein allgemeines Gesetz, in 
der Gestaltung der Fliissbetten,”> in which he consid. 
ered the matter in all its detail and in reference to 
rivers of the whole surface of the earth so far as they 
were known at that time. He was surprised to find 
that no scientific man, among those who had observed 
and described unsymmetrical valleys, had come to this 
conclusion. He attributed his discovery of the law 
to the fact that he had worked on such problems as 
rotation of winds and of sea currents and was accus- 
tomed to pay attention to the influence of the diurnal 
rotation of the earth on its surface. 

Baer, a member of the Academy of Sciences, was 
a first-class scientific man. His authority was greater 
than the modest reputation of a Siberian worker. 
Slovsov, who published only in Russian, was consid- 
ered more of a historian than a naturalist. Therefore, 
it is no wonder that Slovsov’s share in this question 
has been forgotten completely, even in Russia. A 
better name for Baer’s Law would be Slovsov’s Law, 
or at least Baer-Slovsov’s Law. i. P. Togacacnorr 


CARNEGIE MUSEUM 
PITTSBURGH, Pa. 


GLACIAL STAGNATION IN OHIO 


WITHIN recent years several papers have appeared 
on glacial stagnation, and there has been a revival 
of interest in the problem. There is promise of much 
good work to come out of investigations now in 
progress. Among the workers who are studying this 
problem is George W. White, professor of geology of 
the University of New Hampshire. He has spent 
several summers in field work in Holmes and adjacent 
counties in Ohio, and two papers have been published 
as a result of his endeavors. The present writer had 
an opportunity to examine at first hand the area 
studied by Professor White. A careful inspection of 

5 Bull. Acad, Imp. d. Se. de St. Petersbourg, Tome II, 
pp. 1-49, 218-250, 353-382. ‘ 

1George W. White, ‘‘An Area of Glacier Stagnation 
in Ohio,’’ @@ Journal of Geology, Vol. xl, No. 3, April- 
May, 1932, pp. 238-258; ‘‘Glaciation of Northwestern 


Holmes County, Ohio,’’ Ohio Journal of Science, Vol. 
xxxi, No. 6, pp. 429-453. 
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the region was carried on independently and in the 
company of Professor White. There appears to be 
abundant evidence to show that during the last ice 
‘nvasion, in a hilly portion of Holmes, Ashland and 
Richland counties in Ohio, the ice-sheet did not melt 
back with a definite front, but stagnated in the val- 
leys. The ice-sheet advanced from the Lake Erie 
region southward over the Allegheny escarpment, 
upon the Appalachian Plateau, which rises gradually 
to an elevation of about 1,300 feet above sea-level in 
Holmes County, where a major divide extends in an 
east-west direction. The ice, loaded with debris and 
comparatively thin, pushed slightly over the divide 
and stagnated in the valleys. The glacier near the 
ice-front melted away in ragged fashion, and it is 
believed that the ice first melted from the uplands, 
exposing the hills and ridges. Across this area there 
was no definite ice-front at any time during the 
melting of the glacier. The deposits in the valleys 
and bordering them are kames, kame terraces and a 
few eskers, and are such as would be deposited from 
and around detached blocks of stagnant ice. The 
best development of these deposits is present in the 
broad valley extending from Mansfield to Shreve and 
in some of the tributary valleys. Several lakes, such 
as Odell Lake, Long Lake and Round Lake, repre- 
sent a series of kettle-holes once occupied by blocks 
of ice. Iece-contact slopes appear at places around 
them. Kames and occasional kame terraces appear to 
be numerous in a zone along the sides of the valleys. 
The belt in which stagnation occurred is ten or more 
miles wide and extends from a point beyond Millers- 
burg on the east to Mansfield on the west, a distance 
of possibly thirty-five miles as the crow flies. Further 
investigation may disclose similar evidence of stag- 
nation in other portions of Ohio. 


Karu VER STEEG 
COLLEGE OF WOOSTER 


THE ALLEGED TRANSFORMATION OF 
SERUM ALBUMIN INTO SERUM 
GLOBULINS 

THE old‘claim that serum albumin may be trans- 
formed into serum globulins has recently been revived, 
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this time with heparin as the transmuting agent.’ 
The criteria of identity given by Fischer are all 
physical characteristics, and it seemed of interest to 
apply also the more delicate and specific methods of 
immunology. 

We have found that the addition of heparin to 
erude horse-serum albumin at pH 5 did cause the 
precipitation of a substance soluble in salt solution 
and precipitable by half saturation with ammonium 
sulphate, but that the addition of heparin to carefully 
purified crystalline serum albumin did not cause any 
flocculation. In both cases we found that the albumin- 
heparin mixture or compound still reacted to the same 
degree as albumin with an anti-albumin serum, and 
did not react with anti-globulin serums prepared either 
by injecting isolated globulin or by adsorbing an 
anti-horse-serum antiserum with albumin. The latter 
reacted readily with globulin. 

It would seem inexact, then, to say that albumin- 
heparin compounds are identical with serum globulins. 
Details will be published elsewhere. 


SANForD B. HooKER 
Wim C. Boyp 
EVANS MEMORIAL, BOSTON 


TRIPLETS 


ALTHOUGH there have been many investigations of 
the resemblances between siblings, identica] twins and 
fraternal twins, no extensive study of triplets has 
been made. Because of the possibility of one, two or 
three egg fertilizations, the study of triplets offers a 
unique opportunity to secure information on the in- 
fluence of heredity and on the differential effects of 
environment. A study of triplets is now under way 
at the Institute of Child Welfare of the University of 
Minnesota. Since triplets are difficult to locate, the 
institute requests that any one knowing triplets send 
their names and addresses to the Institute of Child 
Welfare, University of Minnesota, Minneapolis, Minn. 


JoHN E. ANDERSON, 
Director 


THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


MATHEMATICS, PHYSICS AND ASTRONOMY 
AT ATLANTIC CITY 


Forty-one scientific societies will meet with the 
association at Atlantic City, from Tuesday, December 
27, to Saturday, December 31, 1932 (see Scrence, for 
October 28, for list of societies and hotel head- 


quarters). Many of these are planning important 
sessions for the reading of papers on timely topics 
(see Scrence, for November 11). 

The first session of the thirty-ninth annual meeting 


1A, Discher, Naturwissenschaften, 19: 965 (1931); 20: 


471 (1932). C.r. Soc. Biol., 108: 882 (1931). Sciences, 


75: 443 (1932). Klin. Wehnschr., 11: 936 (1932). 








518 SCIENCE 


of the American Mathematical Society will be held on 
Tuesday morning, December 27, jointly with Section 
A (Mathematies), Section K (Economies, sociology 
and statistics) and the Econometric Society, the topic 
being “Statisties.” Wednesday afternoon will be de- 
voted to a joint meeting of the society, Section A 
and the Mathematical Association of America. At 
this session Dean L. P. Eisenhart, of Princeton Uni- 
versity, retiring president of the society, will deliver 
an address on “Some Recent Developments in Differ- 
ential Geometry.” Following this address, Professor 
E. R. Hedrick, of the University of California at Los 
Angeles, will speak on “Tendencies in the Logie of 
Mathematies.” On Thursday afternoon there will be 
a business meeting and a general session of the so- 
ciety. Later in the afternoon, at 4: 30 Pp. m., the tenth 
Josiah Willard Gibbs Lecture, entitled “Thermody- 
namics and Relativity,” will be delivered by Professor 
R. C. Tolman, of the California Institute of Tech- 
nology. Sectional sessions of the society will be held 
on Tuesday evening and on Wednesday and Thurs- 
day mornings. 

The seventeenth annual meeting of the Mathe- 
matical Association of America will be held on Tues- 
day afternoon, December 27, 1932, and all day 
Wednesday, December 28. The program will consist 
of invitation addresses. 

The mathematicians have arranged a trip to Prinee- 
ton for Friday, the train leaving the Pennsylvania 
station in Atlantie City at 8:454.m. At11:304.m., 
soon after the arrival in Princeton, there will be an 
opportunity to inspect the new mathematical building, 
Henry Burchard Fine Memorial Hall. In the after- 
noon at 2:00 P. m. in Fine Memorial Hall there will 
be a symposium on “Application of the Operational 
Caleulus to Mechanies,” at which Professor I. von 
Neumann, of Princeton University, and Professor 
G. D. Birkhoff, of Harvard University, will speak. 

Section B (Physies) will hold joint meetings with 
the American Physical Society, the American Meteoro- 
logical Society, the American Association of Physics 
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Teachers and the Society of Rheology. The retiring 
vice-president of Section B, Dr. Bergen Davis, of 
Columbia University, will give an address on “Cop. 
quests of the Physical World.” Other addresses of 
broad interest will be given at general sessions of the 
association by Dr. Dayton C. Miller and Dr. 0. H. 
Caldwell (see Screncr, for November 18). 

The American Physical Society plans meetings from 
Wednesday, December 28, to Friday, December 39. 
Plans are practically complete for a symposium op 
“Cosmic Rays,” in which Dr. Robert A. Millikan, Dr, 
A. H. Compton and others will take part (see Scr. 
ENCE, for November 11). The meetings of the Amer- 
ican Association of Physics Teachers on Friday, De- 
eember 30, and Saturday, December 21, will be made 
up of invited and contributed papers. The Society 
of Rheology will meet on Tuesday, December 27, and 
Wednesday, December 28. 

A new general lecture of the American Association 
for the Advancement of Science, known as the Heetor 
Maiben Lecture, will be given by Dr. Henry Norris 
Russell, of Princeton University, on Friday evening, 
December 30, at 8:30 P. mM. in the Municipal Audi- 
torium (see ScreNcE, for November 18). In speaking 
on “The Constitution of the Stars,” Dr. Russell will 
review the works of Eddington, Jeans, Vogt, Milne 
and others and point out the present status of the 
problem. Professor Harlow Shapley, of Harvard 
University, will deliver the annual Sigma Xi Lecture 
on December 28, on “Fact and Fancy in Cosmogony.” 

Section D (Astronomy) will hold joint meetings 
with the American Astronomical Society. Sessions 
for papers are planned for the afternoon of December 
27, morning and afternoon of the 28th, and morning 
of the 29th. Dr. J. H. Moore, who was in charge of 
the Lick Observatory eclipse expedition to Fryeburg, 
Maine, has chosen “Solar Eclipse Problems” as the 
subject of his address as retiring chairman of Section 
D. This address will be given at one of the regular 
sessions. 

Cuar.es F. Roos, 
Permanent Secretary 


THE NATIONAL ACADEMY OF SCIENCES 


PAPERS PRESENTED AT THE ANN ARBOR 
MEETING 


At the autumn meeting of the National Academy 
of Sciences, held in Ann Arbor, Michigan, on Novem- 
ber 14, 15 and 16, the following papers were pre- 
sented: 


Interpretation of phenomena due to accommodation 
coefficient of ions at cathode surfaces: Karu T. Comp- 
TON. About three years ago the writer, in collaboration 


with Dr. C. C. Van Voorhis, discovered an apparent in- 
equality between the rates of generation and dissipation 
of heat at the negative electrode in a tube through which 
an electric current was transmitted through gas at low 
pressure. The hypothesis suggested to explain this was 
that the positively charged gas ions which bombard the 
electrode under the influence of the applied voltage, and 
become electrically neutralized by capturing electrons 
when they strike the electrode, do not lose all their 
kinetic energy of motion (as has hitherto been supposed ) 
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but rebound as neutral molecules with a considerable 
fraction of their impacting energy. From the thermal 
measurements, this fraction was estimated in the case of 
several gases. If this hypothesis is correct, a rebound- 
ing ions should exert pressure against the electrode, and 
recent tests made in collaboration with Mr. E. S. Lamar 
have confirmed this conclusion, The electrode was a 
small metal plate suspended like a pendulum bob in the 
center of an intensely ionized gas, and so delicately bal- 
anced as to be measurably deflected from its position of 
equilibrium by impact of the gas ions carrying only a 
few microamperes of current. These ‘‘momentum’”’ tests 
have entirely confirmed the conclusions drawn from the 
earlier ‘‘energy’’ tests. The mechanism of this ‘‘re- 
hound’? of ions is pictured, to a first approximation, as 
simply the collision of the gas ion with an atom of the 
metal surface—like the elastic collision of a projectile 
ball with a target ball. Hence we should expect the 
rebound to be greatest if the projectile ball (the ion) 
is much lighter than the target ball (metal atom), and 
we should expect no rebound if the ion is heavier than 
the metal atom. The experiments verify all these con- 
clusions; the rebound is greatest for helium (which is 
very light) and successively less for neon and argon ions 
striking a molybdenum electrode, and there is no rebound 
at all when mereury ions (which are very heavy) strike 
molybdenum. A point of theoretical interest in this work 
is that it apparently completes the available methods of 
investigating ionized gases by means of electrodes. 
There are three ‘‘conservation principles’’ which may be 
applied: conservation of electric charge, conservation of 
energy and conservation of momentum. The old methods 
of using exploring electrodes depend on the first of these 
principles. The work here reported utilizes the other 
two. The many complicated occurrences at electrodes 
must, in the last analysis, be inferred from a study of 
these three observable quantities, electric charge (cur- 
rent), energy (heat) and momentum (pressure). 


Development and program of the differential analyzer: 
VANNEVAR BusH (introduced by K. T. Compton). The 
differential analyzer, a machine for solving ordinary dif- 
ferential equations, announced a year ago, has now been 
in use on important problems at the Massachusetts In- 
stitute of Technology. Experience has shown that a 
Precision of somewhat better than one part in one 
thousand can be attained consistently from individual 
units under average conditions of operation, the overall 
Precision depending upon the specific nature of the 
Problem. Errors due to manual following of curves 
average out to such an extent that their effect can be 
made less than that of machine errors. About thirty 
Problems have been treated, involving about one thou- 
sand solutions of equations, Studies of transients in 
synchronous machines have especially illustrated the type 
of problem in which large numbers of specific solutions 
are necessary. The Thomas-Fermie equation, and the 
‘ame equation after introducing the relativity correc- 
tion, illustrate the solution of non-linear equations, the 


introduction of difficult boundary conditions and the 
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attainment of precision by solving for departures. The 
Schriédinger wave equation has been written with a self- 
consistent potential field, and by means of the machine 
has recently been successfully treated for several nuclear 
numbers in the case of the helium-like atoms. This in- 
volved solving a fourth order, non-linear equation with 
boundary conditions at zero and infinity, together with 
a normalization condition. A technique was developed 
which made it possible to obtain the solution for each 
atomic number in two days with a single operator at 
the machine. Several constructional additions have been 
made to improve precision and convenience. Recording 
has been made precise by an automatic printer capable 
of giving five figures on six variables. Fxperience has 
developed new short cuts in placing problems on the 
machine and ways of reducing the number of operators. 
Variable coefficients are now introduced automatically,” 
wherever possible, by generating them simultaneously by 
a part of the machine allocated to the purpose. A pro- 
gram for the construction of more powerful machines 
of this sort may now be stated with some assurance. 


Thermal agitation of electrons in a metallic con- 
ductor: N. H. WImLLIAMs and D. A. WILBUR (introduced 
by M. Gomberg). The development of the screen grid 
radio tube made possible very large amplification of high 
frequency electrical impulses, and opened the way for 
new methods of measurement of such quantities as the 
electron charge and the charges of positive ions in 
vacuum tubes. The fact that electricity is made up of 
discrete charges of finite magnitude gives rise to an 
effect analogous to the Brownian movement in liquids. 
In an ordinary radio tube operating with temperature 
limitation of the current, the electrons arrive at the 
plate with a perfectly random distribution in time and 
cause minute fluctuations of the potential of the plate. 
From measurements of these fluctuations, it is possible 
to compute the charge of the electron. This has been 
done with considerable precision. Determinations of the 
charges carried by positive metallic ions in evacuated 
space have also been made with accuracy. In accordance 
with the accepted ideas of the constitution of matter, we 
should expect the electrons in a metallic conductor to 
share the thermal agitation of the atoms of the sub- 
stance, and accordingly there should be minute fluctua- 
tions of the potential difference between the ends of the 
conducting wire. Johnson, of the Bell Laboratories, 
discovered the existence of the phenomenon, and Nyquist, 
of the same laboratory, deduced an expression for its 
magnitude. The theory shows that the mean square of 
the fluctuating potential difference should be propor- 
tional to the resistance of the conductor and propor- 
tional to its absolute temperature. The experiments re- 
ported here accurately verify these proportionalities be- 
tween the temperature of liquid air and that of boiling 
water. The most striking thing about this phenomenon 
is that it furnishes a new and independent means of 
determining Boltzmann’s constant. The purpose of this 


work was the precision measurement of this important 
The average result obtained from 85 indepen- 


constant. 
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dent determinations is within a tenth of one per cent. 
of the value obtained from measurements of the gas 
constants, while the average deviation from the mean is 
seven tenths of one per cent. 


Topological definitions of simple figures: WILLIAM L. 
AYRES (introduced by H. D. Curtis). The paper dis- 
cussed the simple figures of topology such as the simple 
continuous arc, the simple closed curve, the simple closed 
surface, the number plane, ete. An exposition of the 
various definitions for these figures given by topologists 
from Schoenflies to the present time is given. 


Report on metagalactic studies: HARLOW SHAPLEY. 


Absorption and space reddening in the galaxy, as shown 
by the colors of globular clusters: JOEL STEBBINS. Most 
heavenly bodies are so remote that only for the nearer 
ones is it possible to measure the distances by triangula- 
tion. When the angles involved become too small, re- 
course is had to what may be called the photometric 
method. When the intrinsic luminosities of nearby 
bright stars are known, the distances of fainter stars 
of the same characteristics can be estimated from mea- 
sures of their relative light. However, this method must 
be modified in cases where the intervening space is not 
perfectly transparent. With a photoelectric cell attached 
to the 100-inch reflector at Mount Wilson, the brightness 
and colors of various faint objects have been determined 
and the results show that there must be an absorbing 
region in space. Just as the setting sun appears red be- 
cause of the greater amount of air we look through near 
the horizon than when the sun is overhead, so do the 
stars and clusters near the central line of the Milky 
Way appear reddened. The so-called space reddening is 
due presumably to an extended cloud of small particles, 
gas or dust, which obstructs and scatters the light from 
stars in and beyond this region but does not blot them 
out completely. Because of this absorption, the evidence 
is that some objects, like the globular clusters, have hith- 
erto been estimated to be as much’as four times as far 
away as they really are. At right angles to the Milky 
Way, that is, where there are fewer stars and where we 
can see better out in the open, the observations indicate 
relatively little absorption, and previously estimated dis- 
tances need to be revised by not more than 10 per cent. 
The presence of the thin absorbing layer in the central 
plane of the galactic system is additional evidence that 
the group of a billion or more stars, to which the sun 
belongs, is similar to other systems which we call the 
spiral nebulae. The present paper supports the view 
that our own galaxy has no privileged position or spe- 
cial importance in the universe. 


A suggested mechanism of class Be stars: DEAN B. 
McLAUGHLIN (introduced by H. D. Curtis). Many class 


Be stars show double emission lines of hydrogen, the 
duplicity being due to an absorption line which divides 
the emission centrally. These two emission components 
change in relative intensity, and at times one may be 
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two or three times as strong as the other. Shifts of 
these lines are associated with the intensity chan 
The displacements are towards the shorter wave-length, 
when the component of greater wave-length is Stronger 
and vice-versa. The irregularities of the periods of these 
variations are such as to rule out conclusively any ex. 
planation in terms of orbital motion in a binary system, 
It is suggested that the atmosphere of a Be star js of 
great extent, much like a small planetary nebula, The 
emission lines are believed to originate mainly in the 
inner part of the atmosphere through photoelectric ion- 
ization of the hydrogen atoms and subsequent recom}j. 
nation. The outer atmosphere would be shielded from 
the ionizing radiation by absorption which occurs jy 
the inner layers of atmosphere. Hence the outer layer; 
produce the absorption lines upon the emission. Th, 
variations are explained purely in terms of the Doppler 
effect. The rotation of the stellar atmosphere produces 
the widened emission lines. Upon the broadening due ty 
rotation is superimposed an asymmetry due to outward 
or inward streaming of the atoms. In a stage of atmos. 
pheric expansion the receding gases on the far side of 
the star give the strong emission component of greater 
wave-length which is not subject to absorption by the 
approaching gases on the near side of the star because 
of the Doppler shift, due to their relative velocities. The 
component of shorter wave-length, however, is subject to 
absorption by the approaching gases and is therefore 
weakened. At this phase the absorbing gases are ap- 
proaching rapidly, giving the shift towards the shorter 
wave-lengths. Opposite effects occur when the expanded 
atmosphere collapses. A change of temperature of the 
star with consequent change of selective radiation pres- 
sure is postulated as the cause of the variations. The 
phenomena of Be stars are therefore regarded as a spe- 
cial case of stellar variation of the pulsation type. 


Res, 


Motion pictures of celestial phenomena taken at the 
McMath-Hulbert Observatory of the University of Mich- 
igan: Ropert R. McMartu, F. C. McMarn and H. &. 
HUuLBERT (introduced by H. D. Curtis). The McMath- 
Hulbert Observatory, a branch of the Observatory of the 
University of Michigan, was founded for the purpose of 
recording changes or movement in the celestial objects by 
the motion picture method. One of its aims is to pro- 
vide educational films which should be a valuable adjunct 
to instruction in astronomy. The film which accompanies 
the paper shows some of the preliminary results which 
have been secured during the past three years, as well as 
improvements to the telescope and mechanical aids which 
experience has proven necessary for success in this rather 
difficult field. This film shows, among other subjects, the 
phenomena of sunrise and sunset on lunar craters and 
the motion of Jupiter’s satellites. An occultation of 
Delta Capricorni is also shown, in which the moon move 
across the field of the telescope, showing both immersion 
and emersion. The method is now being extended 1 
other subjects, such as the recording of the changes of 
variable stars, the rotation of Jupiter, ete. A spectro 
heliokinematograph has been designed and constructed 
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and is now being used to record the changes in the sur- 
face features of the sun, the motions within solar prom- 
inences and their growth and decay. 


Biographical memoir of Jesse Walter Fewkes: WALTER 
Hoven (read by title). 


Biographical memoir of Thomas Alva Edison: ARTHUR 
E. KENNELLY (read by title). 


To what extent are the so-called ketyls free radicals? 
WerNeR E. BACHMANN (introduced by M. Gomberg). 
In 1891 Beckmann and Paul discovered that aromatic 
ketones react with metallic sodium. In 1911 Schlenk 
interpreted the structures of the sodium derivatives on 
the basis of free radicals. These ketyls are formed as 


follows: 


(C,H,),C = 0 + Na = (C,H,).C - ONa 
I 
(C,H;),C(ONa) (NaO)C(C,H;), 
II 


According to Schlenk, none of the expected dimolecular 
compound, sodium pinacolate (II), is formed. The chief 
support for the structure (I) is the fact that Schlenk 
obtained only the ‘‘single’’ molecules, (C,H;),CO+ 
(C,H;),CHOH, on hydrolysis of the sodium compounds 
and none of the ‘‘double’’ molecule, pinacol, (C,H;). 
C(OH) (HO)C(C,H;).. We have reinvestigated this hy- 
drolysis reaction and have found that by careful hy- 
drolysis and manipulation, nearly quantitative yields of 
the ‘‘double’’ molecule, pinacol, can be obtained. The 
pinacol is always the initial product of hydrolysis, but 
under the conditions of hydrolysis is rapidly decom- 
posed into the ‘‘single’’ molecules, ketone and hydrol. 
Schlenk’s conclusion regarding the structure is based on 
erroneous experimental results; instead of being mono- 
molecular, the compounds are nearly entirely dimolecular. 
It is considered that there may be a small amount of 
the sodium ketyl in equilibrium with the sodium pina- 
colate. 


< 100 per cent. small amount 


The Li, K, Cs, Rb, Be, Mg and Ca derivatives of ketones 
have structures similar to the sodium compounds. 
‘ 

The infra-red spectrum of H°Cl: J. D. Harpy, E. F. 
BarRKER and D. M. DENNISON (introduced by M. Gom- 
berg). The fundamental bands at 3.46 4 due to ab- 
sorption by the gases H’Cl* and H'Cl" are well known. 
Each consists of a series of sharp single lines, with one 
line at the center absent, and the two bands are almost 
exactly superposed. If an isotope of hydrogen exists 
with a mass of approximately 2, there should be a second 
pair of bands corresponding to the absorption by H°Cl* 
and H°Cl* molecules. The positions of the lines in these 
two bands would depend upon the relative masses of H’ 
and H? and upon the molecular force fields, which are 
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presumably identical for H’Cl and H°Cl to a high degree 
of approximation. The bands should lie in the neighbor- 
hood of 4.8, a region very favorable for experimental 
investigation. Observations have been made with an in- 
fra-red spectrometer of high resolving power and an ab- 
sorption cell seven meters long, having mica windows. 
Ordinary HCl was used, and also HCl generated from the 
water residue of electrolytic cells which should be some- 
what enriched in the heavier hydrogen isotope. In both 
eases the absorption lines of H°Cl were unmistakable. 
The positions of nineteen lines in the H°Cl* band and of 
seventeen lines in the H*Cl” band were determined with 
precision, and compared with those computed for an as- 
sumed ratio mass H’*: mass H*. The slight differences 
provide an accurate correction for the mass ratio, for 
which the final value is 0.514430 + 0.000004. The con- 
sistency of the results provides a convincing argument 
for the assumption of identical fields of force. The 
relative intensities of the bands due to H°Cl* and H'Cl* 
indicate an abundance ratio of about 1: 35000 for the 
two types of molecules in ordinary HCl. If 1.00778 be 
used as the mass of H’, then the mass of H? is 2.01367 + 
0.00010, and the mass defect is 0.00189 + 0.00010, mea- 
suring the energy of formation of the H? nucleus from 
elementary particles. The mass defect depends very 
little upon the accuracy of the mass assumed for H’. 


The neutron and atom building: WILLIAM D. HARKINS. 


The determination of reaction probabilities of some 
elementary mechanisms: WorTH H. RODEBUSH (intro- 
duced by W. A. Noyes). 


Types of chemical reactions: WILLIAM A. NOYES. Re- 
actions are classified, in accordance with their electronic 
character, under five heads: (1) Formation of ions; A, 
with complete octets, B, from covalences, one with eight 
electrons, one with six. (2) Ionic reactions; A, ions with 
complete octets, B, ions formed from covalences. (3) 
Dissociation and reactions of electrically neutral atoms 
and molecules. (4) Formation of covalence groups with 
more pairs of electrons than the number of valence elec- 
trons in the central atom. Odd electrons may be trans- 
ferred either to such covalence groups or to atoms form- 
ing ions exterior to the complex. (5) Sidgwick’s terms, 
‘*donor’’ and ‘‘acceptor,’’ are extended to include odd 
electrons, and the electronic theory is developed in such 
a manner as to include all classes of compounds. 


The reaction of hydrogen atoms with oxygen: JOHN R. 
Bates (introduced by M. Gomberg). It has been shown 
that 90 per cent. hydrogen peroxide may be obtained in 
the reaction products of hydrogen atoms with oxygen. 
The atoms are produced by the action of excited mercury 
atoms. This result is in contradiction of a generally 
accepted mechanism proposed by Haber for this reac- 
tion. The influence of water vapor on the reaction is 
also shown to be in disagreement with a modified 
mechanism suggested by Frankenburg and Klinkhart. 
Furthermore, from a study of the photo-oxidation of 


022 


hydrogen iodide it appears that the life of the complex 


HO, involved in this reaction must be of the order of 


10° seconds, a value much larger than that generally 
accepted for such quasi molecules. 


The solubility of rare earth salts in non-aqueous sol- 
vents: B. Smita Hopxins and L. L. QUILL (introduced 
by R. Adams). All the methods of separating the mem- 
bers of the rare earth group, almost without exception, 
have been applied to aqueous solutions. Separations by 
these methods are tedious and not effective. Some of the 
non-aqueous solvents are known to possess differential 
solvent action when applied to the anhydrous salts of 
this group. The salts studied have been the anhydrous 
chlorides and nitrates of lanthanum, cerium, praseody- 
mium, neodymium, samarium and gadolinium. The sol- 
vents employed included various alcohols and ethers, 
ethylene glycol, glycerol, dioxan and ethyl and methyl 
cellosolve. It has been shown that under favorable cir- 
cumstances ethyl ether may be used to effect a rapid 
separation of neodymium and praseodymium. 


The value of free energy determinations of organic 
reactions: DONALD B. KEYEs (introduced by W. A. 
Noyes). To be printed in ScIENCE. 


Magnetic moments of atomic nuclei: SAMUEL A. GoUD- 
SMIT (introduced by H. D. Curtis). (Read by title.) 


Cerice sulfate, a new reagent in analytical chemistry: 
Hopart H. WILLARD (introduced by M. Gomberg). 
(Read by title.) 


A geographic study of cosmic rays: ARTHUR HOLLEY 
CoMPTON. 


The agglomeration theory of sleep: WILDER D. BaAn- 
CROFT. It is very generally admitted that the sleep due 
to chloroform, morphine or alcohol is the same in prin- 
ciple as ordinary sleep, though differing in details. Sleep 
is therefore due to a reversible agglomeration of some 
of the proteins of the centers of consciousness by a 
substance or group of substances which has not yet 
been identified completely and which we will call X for 
the present. The concentration of X increases when 
work is done. The agglomerating effect of X can be 
counteracted to some extent by the effect due to the 
irritability of the sensory nerves. It is the balancing 
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of these two effects which makes going to sleep a volyy. 
tary action to some extent. A peptizing agent, such a; 
sodium rhodanate, will decrease this irritability ang may 
thereby make sleep possible, though not causing it. we 
have counteracted the effect of coffee in this way. A 
larger dose of the peptizing agent may act also on the 
centers of consciousness and thereby prevent sleep. We 
make use of that when counteracting the effect of mor. 
phine. That one person wakes readily at one noise and 
another at another is due to conditioned reflexes, the 
stimulus to which one is conditioned acting like a loud. 
speaker. Since most of us wake before digestive distur. 
bances become effective, we must postulate the excess 
production during sleep of a substance—possibly adrena- 
lin—or group of substances which we will call Y. It 
irritates the sensory nerves and wakes the sleeper even- 
tually, unless he is waked sooner by some other cause— 
hunger, thirst, need to relieve oneself, light on the face 
or an alarm clock, for instance. 


The functions of the olfactory parts of the cerebral 
cortez: C., JUDSON Herrick. In the human cerebral 
cortex the non-olfactory (neopallial) part is more mas- 
sive and complicated than the olfactory parts. In the 
lowest mammals these relations are reversed. The dif- 
ferentiation of the olfactory cortex has culminated in 
the lowest extant mammals with little farther specializa- 
tion in any higher forms, but the neopallium is progres- 
sively elaborated from meager beginnings in primitive 
mammals up to the human complexity. It is suggested 
that the olfactory cortex performs two dissimilar fune- 
tions: (1) a specific participation in associational proc- 
esses, similar to that of other sensory systems, save for 
lack of any participation in the localization of the source 
of the stimulus; (2) a non-specific activation or inhibi- 
tion of cortical or subcortical activities whose pattern of 
performance is dependent upon the non-olfactory com- 
ponents of the total situation. Similar specific and non- 
specific functions are performed by all cortex. In neo- 
pallium specific and localized functions predominate, 
more so in higher mammals than lower. In the olfactory 
cortex of all mammals the non-specific type predominates. 
In lower forms, where neopallium is small and undiffer- 
entiated, cortical functions are more nearly equipotential 
than in higher forms where olfactory cortex is relatively 
small and neopallium is large and highly specialized. 

(To be continued) 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AUTOMATIC WATER-LEVEL REGULATOR 
FOR AUTOCLAVES 


Many laboratories are equipped with the horizon- 
tal steam pressure autoclave, which is not supplied by 
a live steam main but depends on steam from water 
boiled in a generator directly beneath the sterilizing 
chamber and connected to it by a pipe. In the usual 


operation of the apparatus, the generator is filled two 
thirds full of water by a hand-operated valve on the 


water system line, a gauge on the generator indicat- 
ing the desired level. There is then sufficient water 
for sterilization at 15 pounds for a short period of 
time, but the operator must glance at the gauge occa- 
sionally to make sure that the water level has not 
dropped so low that the intense heat from the gas 
flame will burn out the generator. Should the water 
level drop, the operator can let more water into the 
generator and continue sterilization. This constant 
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watching of the autoclave, however, has proved to be 

a burden, as quite often the attention of the operator 
may be focused on other work in the laboratory or 
he may be called from the room and thus not notice 
that the water level in the gauge on the generator has 
become dangerously low. In such cases the genera- 
tor is apt to burn out before the water level is cor- 
rected. When such an accident occurs, the resolder- 
ing of the generator is expensive, and oftentimes 
serious difficulties arise because of loss of time from 
productive work. 

In seeking for an automatic water-level regulator 
to safeguard the apparatus against such an accident, 
and also to give the operator greater freedom while 
sterilizing material, the following device was found 
to be inexpensive, simple and at the same time to 
meet the requirements demanded. A closed float 
type of steam trap such as the No. 00 Junior Steam 
Trap, as manufactured by the G. V. Anderson Co., 
Cleveland, Ohio, was found to be well adapted for 
such use, as it was easily converted into a water-level 
regulator. The appearance of this trap when used 
in the conventional way may be seen in Fig. 3, with 
openings marked as used when the trap is in this 
position. In this position, the trap slowly collects 
the water of condensation from the system to which 
it is attached. When enough water has been col- 
lected, a float is raised, opening a valve, and the 
water is discharged into a drain or return pipe. 
When the trap is inverted (Fig. 4), it may be used 
as a water-level regulator with the following changes 
made in the use of the openings: the outlet and inlet 
are reversed, the drain opening becomes an equaliz- 
ing connection and the air vent opening is used to 
drain the trap of sediment. By inverting the trap 
and connecting the opening now marked “inlet” to 
the main source of water supply and connecting the 
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opening marked “outlet” to the bottom of the gener- 
ator, the action of the float and valve shuts off water 
from the supply line when the trap and generator to 
which it is connected are full. When the water level 
in the generator is lowered during the use of the auto- 
clave, the float is lowered, opening the valve and al- 
lowing more water to enter until the generator is 
again filled, after which it shuts the water off. Thus, 
by inverting this closed float type of steam trap, its 
function is changed to that of a water level regulator. 

The trap, when inverted, is connected to the gener- 
ator in the following way: the water-gauge is set off 
from the generator by adding to the generator a 
space nipple and coupling at the top connection, and 
a close nipple and tee at the bottom connection (Fig. 
2). The gauge fittings, when screwed back into the 
tee and coupling, respectively, are in alignment for 
the insertion of the glass tube. The tee at the bot- 
tom of the gauge leaves an opening into which a 
connection may be made from the discharge of the 
inverted trap (Fig. 1). The equalizing connection 
from the top of the trap in its inverted position is 
screwed into a tee which is placed in the pipe going 
from the top of the generator to the bottom of the 
sterilizer. This tee is placed in the pipe immediately 
at the top of the generator; this connection keeps 
the pressure in the generator and trap equal. Both 
the equalizer and water connections from the trap to 
the generator are made as short as possible to fur- 
nish adequate support for the trap, and are also made 
in such a way as to hold the trap level and at the 
desired height to supply the generator with the right 
amount of water, as is determined by reading the 
gauge. 

A hand-operated valve is placed in the water sup- 
ply line close to the trap. This valve is used to shut 
the water off if the trap has to be removed at any 
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time, but while the trap is attached to the generator 
and ready for work this valve must be left open, as 
the water supply to the trap must be free to feed the 
trap when it is in use. A check valve may be placed 
between the hand-operated valve and the trap to 
guard against loss of water from the generator if the 
water pressure should become lower than that of the 
autoclave. 

Precautions must be mentioned in connection with 
the use of an appliance of this kind. The trap se- 
lected should have a steam trap pressure rating of 
from 20 to 25 pounds more than the regular pressure 
on the water system. Also, this system, in order to 
function successfully, must be supplied from a water 
supply in which the minimum pressure is at all times 
from 10 to 15 pounds greater than the maximum 
pressure at which the autoclave is to be operated, and 
all the fittings and pipe used in connecting the trap 
to the generator should be of brass. 

The application of this equipment on an autoclave 
in these laboratories was found to be relatively inex- 
pensive, as the total cost, including all materials and 
labor, came to $22. 
burned generator has, in the past, amounted to half 
of the above figure, the installation of this water-level 
regulator to prevent such an accident seemed advis- 
able. The work was easily done by an ordinary 
maintenance mechanic without interfering with the 
regular laboratory schedule. This water-level regu- 
lator has worked in a very satisfactory way for a 
period of four months; it has eliminated the constant 
watching of the autoclave when it is in use, and has 
enabled the operator to attend to other duties in nor- 
mal routine work without increasing the danger of 
burning out the apparatus. Knowing the difficulties 
experienced in our own laboratories previous to the 
installing of this device, it is hoped that this infor- 
mation will prove of value to other institutions faced 
with similar difficulties in operating this type of 
autoclave. 

Norman F. Conant 
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THE ATOMIC WEIGHT OF LEAD FROM 
CYRTOLITE 


Leap contained in the thorium-free mineral eyrtolite 
~ occurring in Bedford, New York, was extracted with 
hydrofluorie acid and purified by crystallization as 
nitrate and chloride and by sublimation in hydrogen 
Weighed quantities of fused salt were then 


chloride. 
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THE SUPPRESSION OF SULFURIC acip 
MIST IN KJELDAHL DIGESTIONS 


As is well known, Kjeldahl digestions, as usually 
conducted, are always associated with the escape of 
very irritating and corrosive mist of sulfuric acid, 
continuing throughout the digestion. 

Attempts to abate this nuisance have usually heey 
in the direction of disposing of the mist after jts 
issuance from the digestion flask, by placing the 
mouth of the flask through a hole in a leaden pipe, 
which in turn has an exit leading outdoors. 

We have adopted the idea of preventing the escape 
of the mist of sulfuric acid from the flask, while per. 
mitting the steam, sulfur dioxide and carbon dioxide 
formed in the process of digestion to eseape freely, 
This mode of procedure permits the digestion to be 
performed on the laboratory table, doing away with 
the special fume closet or special digestion rooms, 
which, as we well know, are places to be shunned. 

We have found that the object stated above, viz, 
the prevention of the escape of the mist of sulfuric 
acid and the simultaneous free exit of steam, sulfur 
dioxide and carbon dioxide was accomplished when we 
inserted in the neck of the digestion flask a snugly 
fitting tube of alundum, closed at the bottom and 
flanged at the top so that it might be supported on 
the flange of the flask. 

If desired, though it is searcely necessary, a stopper 
and delivery tube may be inserted in the mouth of the 
alundum tube, thus providing a means for leading 
the sulfur dioxide, ete., into soda lime or any other 
convenient absorbent. 

At the end of the digestion the alundum tube may 
be withdrawn and filled with water, thus washing it 
out and permitting the recovery of any traces of spray 
containing ammonium sulfate, and their return to the 
digested fluid in the flask. 

The device will be found simple, cleanly, convenient, 
inexpensive and efficient. 

ABRAHAM HENWOOD 
RaymMonp M. GAREY 


CENTRAL HicgH SCHOOL, 
PHILADELPHIA, PA. 


ARTICLES 


precipitated with weighed, nearly equivalent amounts 
of pure silver and the exact endpoint of the reaction 
determined nephelometrically by the equal-opalescence 
method. Comparison experiments were carried out 
with common lead (atomic weight 207.22) and lead 
from Swedish kolm (atomic weight 206.01). 

The result of the experiments with cyrtolite lead 
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Tue ATOMIC WEIGHT OF LEAD 
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| _ aie 
Ag = 107.88 Cl = 35.457 
ee s 
FF bo 4 2 @ 
$ ss <9 - 
Zs % & 3 °-3 ‘ge 
oo 22 oes t3 sh 
ES = 3 32 ea, 
iby BA BE os <9 
“olite 0.99965 0.77906 1.28315 205.938 
‘rtolite 0.99219 0.77325 1.28314 205.936 
“rtolite 0.76907 0.59951 1.28294 205.893 
rtolite 0.73596 0.57358 1.28310 205.928 
‘ Average 1.28317 205.924 
ommon 2.47843 1.92274 1.28901 207.203 
ommon 2.80252 2.17405 1.28908 207.218 
Average 1.28905 207.211 
sim 3.42063 2.66510 1.28349 206.012 





ndicates that it is nearly, if not quite free from com- 
mon lead and that the lead-uranium ratio already 
ound by Muench for this specimen of cyrtolite may 
safely be used for the estimation of the geologie age 
of this mineral. The low value is difficult to under- 
stand in light of present knowledge (1) of the isotopic 
veight of radium-lead as found by Aston with the 
mass spectrograph, 205.98 = 0.02, if the factor for 
onverting from the physical to the chemical scale is 
aken as 1.00022, and (2) of the ratio of Pb? to 
Ph” in pure uranium lead from Katanga, 93.3 to 
.7, as found by Aston. The minimum atomic weight 
0 be expected on this basis is 206.03. 


G. P. BaxTEr 
CHESTER M. ALTER 
T, JEFFERSON COOLIDGE, JR., 
MEMORIAL LABORATORY, 
HARVARD UNIVERSITY 
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SUCCESSFUL INTERSPECIES TRANSPLAN- 
TATION OF A MOUSE TUMOR 


In a recent publication! it was demonstrated that 
two of the spontaneous tumors employed by the 
author differed from all other transplanted tumors 
that have originated spontaneously in albino stock 
(A) mice in our laboratory. One of these tumors, 
15091a, is further reported on in this communication, 
which gives the results obtained by transplanting it 
into several different inbred strains of mice. Both 
Mus musculus and Mus bactrianus received trans- 
plants of tumor 15091a. 

This neoplasm arose spontaneously in the mammary 
gland of an old Mus musculus breeding female of the 
inbred A stock. In this species we employed, as 
hosts, mice from five inbred stocks which are entirely 
unrelated to the members of the A stock. There is 
only one stock of Mus bactrianus. The results ob- 
tained since December, 1931, are shown in Table 1. 

The problem started with an attempt to find a stock 
of mice whose members were 100 per cent. negative 
to tumor 1509la. Up to the present time no such 
stock has been found. Of the Mus musculus stocks 
employed the Z, or Zavadskaia, strain is the only one 
which approaches closely to the results expected when 
the hosts are members of a truly negative stock. In 
Table 1 only those individuals which showed masses 
at the second weekly observation were recorded as 
carrying unmistakable growths. All the Mus musculus 
stocks used, except the A stock, showed a varying 
number of individuals which carried masses for about 
four weeks. At this time they became absorbed to 
the extent that they were no longer palpable, and 


1A, M. Cloudman, Amer. Jour. Cancer, 16: 568-630, 
1932. 














TABLE 1 
RESULTS OF TRANSPLANTING TUMOR 15091a InTO Pure Stocks or Two Species or Mus (musculus and bactrianus) 
1st inoculation Reinoc. of neg. Total results 
Stocks Rete: Tee 
+ - reg. total + —- reg. total + —- reg. total nqgunave 
ius musculus 
Dh. ssestacpiiads 150 0 0 150 0 0 0 0 150 0 0 150 n+: 0 0.00 
} ts inn ae 50 32 3 85 26 } 5 35 75 3 7 85 75+: I- 11.76 
WF icctataad 63 30 11 104 28 12 1 41 91 3 10 104 7+: I- 12.50 
} pmsl be: 10 10 : eee 2 8 0 10 12 8 a ae 4+: 3 44.95 
| FR Sa 7 #22 17 46 0 39 0 39 +, a8 22 @ 1+ :5.5- 84.78 
B nibese i we FF 0 76 >» = oe ee: 1+: 77- 98.69 
us bactrianus... . 2 ar a 0 7 4 il 3 9 7 91 1+: 29- 96.70 





(A=albinon, MD=W. 8. Murray’s dilute browns, D=Strong’s dilute browns, B=Little’s blacks, Ld=J. M. 
Murray ’s leaden, Z = Zavadskaia’s albinos, (+) = truly susceptible, (—) no growth, reg. = temporary growth followed 


Y Tegression, Inoc.= subcutaneous implant). 
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TABLE 2 
RATE OF REGRESSIONS (REG.) OF TUMOR 15091a IN Four or THE Stocks Emp.ioyrep 
Dura- Mus bactrianus Mus musculus >? 
tion 
of 91 mice 104 D stock 85 MD stock 78 Z stock 
growth 
in Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Seana 
weeks Reg. + reg. died+ Reg. + reg. died+ Reg. + reg. died+ Reg. + reg. dieds— 
eR 9 9.89 3 2.88 2 2.35 60 76.92 
peed 3 3.29 3 2.88 1 1.17 
_ ee 13 14.29 3 2.88 4 4.70 12 15.38 
aes 15 1 16.48 109 3 39 2.88 wae 1 Le 47.05 5 6.41 
aR 16 17.58 1 23 0.96 22.11 2 19 2.35 22.35 
_ am 10 10.98 5 4.80 8 9.41 
_ pane is 1.09 1.09 18 17.30 2 2.35 
aoe 8 8.79 3 2.88 4 4.70 
Deas 4 4.39 1 0.96 0 1 1,28 
9 ae 2 2.19 1 0.96 1 1.17 
| aa 2 2.19 
> Spee a 1.09 1.09 
ee 2 2.19 
TS ns 1 1.09 
16 ...... 0 1 1.17 
i eae 1 1.09 
23 ..... 1 1.09 





such individuals (Reg., Table 1) were ultimately 
grouped with the negative individuals. In the dilute 
brown stocks, MD and D, reinoculation of all indi- 
viduals which showed no growths and those which 
completely regressed their growths gave a decided 
increase in the number of animals which were able to 
grow the tumor successfully. It was found that 29.41 
per cent. of the MD, and 28.07 per cent. of the D 
individuals grew this tissue successfully only after 
the second inoculation. The other Mus musculus 
stocks employed showed little or no increase in the 
number of susceptible individuals as a result of rein- 
oculation. 

When we study the susceptibility of the Mus bac- 
trianus individuals we find that only 9.89 per cent. 
of those employed showed no growths at all, even on 
reinoculation. On the other hand 90.11 per cent. of 
these mice developed palpable masses which they 
carried for varying lengths of time (Table 2). These 
data show that regressions of 1509la in Mus bac- 
trianus progress decidedly more slowly than in mem- 
bers of the Mus musculus species. There were nine 
Mus bactrianus mice which developed large masses 
of such dimensions as are found in inoculated Mus 
musculus only among mice actually dying from the 
transplants. In Mus bactrianus, however, these masses 
gradually began to regress and reached a point where 
they were no longer paipable, at time intervals vary- 
ing from eight to twenty-three weeks after inocula- 


tion. In Mus musculus the masses which regresse 
were no longer palpable after the fourth week. Th . 
were three Mus bactrianus individuals, or 3.29 
cent., which were definitely susceptible and grew large 
masses, which in each case resulted in the death o 
the host. This is the accepted test of successful trans- 
plantation. These three mice died at intervals of 
three, six and eleven weeks after inoculation. 


SUMMARY 


A tumor, 15091a, which arose spontaneoulsy in a 
old inbred Mus musculus breeding female, has bee 
found to grow quite readily in members of severa 
other inbred stocks. It was found that 90.11 per cent. 
of all Mus bactrianus mice employed developed palp- 
able masses of this transplanted tumor tissue. Some 
of these masses remained for ten to twenty-three 
weeks before they were absorbed. Regressing masses 
in Mus musculus were absorbed before the fifth weekly 
observation. 

Three Mus bactrianus mice were definitely suscep 
tible to this Mus musculus transplantable tumor. 

The above result is interesting in that successfull) 
persistent subcutaneous transplants of tumor tissu 
between mammalian species have not been previous] 
reported. 








ArtHur M. CLoupMAN 
Roscoe B. JACKSON MEMORIAL 
LABORATORY, 
Bar HarsBor, MAINE 


